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This document is presented as the Final
Repo_& under Contract to the U.S. Govern-
ment, | 3 STAT
In addition, the report represented herein |
covers the period 23 November 1967 to

\ | February 9, 1968.
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L] UNULAMIFIED LI~ USE ONLY [ | CUNFIUENIIAL L] SEUKEI

ROUTING AND RECORD SHEET

SUBJECT: (Optional)

FROM: . EXTENSION NO.

C/PPEBS/NPIC DATE
7 March 1968
TO: (Officer designc'llion, room numbe-’,”"ugd DATE
‘building) o : OFFICER'S COMMENTS (Number each comment to show from whom

INITIALS to whom. Draw a line across column after each comment.)
RECEIVED FORWARDED .

1 B 5}1‘ .

- -DDI Plaariing Officer ,

-~ 2E-u45, Headquarters 4 Moy D Mav :f— Jay:
— I STAT

Per your telephone request of
fﬁ/ /fz Z f//s March, attached is a set of
— the 3-volume final report
covering Phase I of the High
Precision Stereo Comparator
— Program, The Statement of Work

SO [ ————— for Phase II is contained in Part | .
. IV of Volume I,

It is my understanding that, prior
to your call, | calleSTAT
h 3 TSESG directly., A copy of the I

’ attached was sent to b STAT
) by TSESG on the afterncon of 6
7‘*»7' 1 - March,

P

-

| According to| ISTAT
5 . was particularly STAT| .
i\ : . interested in the computer aspects F
f of the comparator. Volume IIT ~
deals with computer program
specifications and instructions.

TSESG would appreciate the
return of the three volumes when
you have completed your review,

ESC

10.

13.

14.

15.
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PART I

. DESCRIPTION AND OPERATION OF THE STEREOCOMPARATOR

. INTRODUCTION

The | Ultra High Precision Stereocomparator is a highly STAT

sophisticated tool for use in stereo analysis of aerial photograph’sv. ,

The machine combines in one instrument facilities fd_r overall viewing,
variable magnif-iéation, binocular viewing, and stexjeo presenta‘tion',
together_ with capability for measurement with submicrén accuracy.' In
addition, the machine aids the operator's measuring task by automating '
the job of stereo tracking. Every consideration has been given to
operator comfort, convenienée, E’*nd speed; the ‘resulting machine represents
the optimization of human-engineering in combination with state-of-the-
art accuracy. |

The major functions of the Stereocomparator include:

1. Measuring and detecting image position to submicron
éccuracy;

2. Simplified (and in some cases semiautomatic) accessing

~O
of corresponding regions of the film to produce stereo pairs.

3. Providing ability to see detail 0;1 the film compatible

w_it.h measurement precision,

4. Seeinbg the converted equivalent regions in variable

magnification for best interpretability..

I-1
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5. Converting these regions optically into stereo views.,

i
D _ _ 6. Superimposing equivalent po’ints; on the photographs.
D 7. Providing data output for external processing into actual

ground measurements and dimensions.

I

3

n; . ;4D | HAAAD [ :D

{ -2

i
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.

E‘ o SYSTEM CONFIGURATION

' The photograph included as the Frontispiece to this report

shows an overall view of the machine. The major assexﬁbly’ of the
machine is the unit containing the measuring engines, optics and
lighting systems, and operator console. In addition to the main

as_se'mbly, the system contains three double-bay Electronic Equipment

Machinery Room in which are located the various compressors, vacuum
pumps, vcoo'ling equipment and other support functions for the machine.

In order to aid discussion of the system, each of these major assemblies

@ Cabinets, a double-bay Utilities Control Cabinet, and an auxiliary

- will be discussed separately.

E 'A. Main Assembly

‘The main assembly is comprised of the following elements:

1. Measuring Engines: The measuring engines are

- constructed of granite blocks for thermal stability., The base of each
E \ engine is a monolithic block which has the top surface lapped flat _ /

to within .000050 mch. A hole in the middle of the block allows light

inserts are placed in the block to mount the engine drives, etc. A

E o from the illumination system'to pass iip to the film plane, and various

granite tee is used as an intermediate stage and is driven along one axis
relative to the base. The top stage is guided by the tee and is driven -
relative to it in a direction orthegonal to the driven axis of the tee. In

E this manner a complete X-Y Cartesian system of motion is obtained. All
G | movable granite pieces float on extremelyx_g‘tiff air bearings for high

D »‘1—3
i
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.accuracy and low friction., The .stages arevdriven by a special Threadless
Leadscrew (TLS) arrangement. The TLS offers excellent control and
neglig.ib.le Backlash. Non~-cogging printed-circuit DC motors furnish
drive power to allow a 16,000:1 range of engine speeds. | |

2 | ‘ Attached msuring stages are the film drive unlits,.

These driveé are \i‘sed to transport the film to the desired frame or to

rewind the film. The drive accommo'dates up to 500-foot reels' of film

Lo

D

i

i

i

i

B

E of any widthv from 70mm to 9.5 inches. Constant tension is maintained

: on thé film-_-under all_‘operating conditions, and a transport speed range

E ' “of from zero tcﬁ_s_()_fg_e:cfp_eminute is provided.

E | The film platen is a special glass optical flat for low
distortion and uniform focus. Attached to the platen is a specially

E m?:de vacuu'm-clamping system which achieves extremely ra"‘bid pulldqwn

E 'arid x;elea se. Control over the cla rﬁping system is synchronized with
film transport action to provide safe, convenient handling of the film

E under all circumstances. |

D | In order to provide overall viewing facilities, built in |
light tables are included on the measuring engines. By merely pushing

D é button, the operator can cause the measuring engines to travel to their

C

inboard forward limits, thereby placing the films adjacent to the -

operator’'s chair. Console controls allow adjustment of the cold-cathode

ﬂ 44‘3 . ‘ v

tubes to secure a range of lighting levels.

The submicron measuring capabihties of the measuring

© engines are made possible through the use of advanced 1aser interferometer
: 4

0 3 ﬂ:‘:} [

1-4

VN
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r-D 3 3D 3

éyétems. A paif of servo-stabilized CW Neon-Helium lasers supply
the referénce wavelength, and interferometers count interference fringe
pattern movements derived from a comparison of stage position with
a fixed reference mirror. Extreme precision, r_eliability, and simplicity
of adjustment make this linear measuring system most effective, The
least coun't of the interférometer system itself is 0.16u , but by using
proprietaryzcount conversion equipment, a display and oufput
least count of 0.1n is obtained. |

2. Optical Bridge: The opticai bridée contains the
vafioué lenses and drive assemblies which provide the éontrolled dis~
tortions necessary to rectify the photograph géometry foi stereo. Addi-
tional equipment is included to allow injection of a floating reticlé spot
for measuring purposes. Since the reticle is injected int;j the optical
path as close as possible to the film plane (for utmost measurifxg
acCura;:y); it is necessary to predistort the reticle -image in a manner.
compiementary to the distortion introduced by the main viewing opfics

in order to maintain a uniform reticle shape and size at the eyepieces.

, This is accomplished by means of servo-controlled follow-up systems in

the retiqle projector area in the optical bridge. Additional equipment in
'tjhe. 6pt1cal bridge includes the image dissector- scanning assemblies
used-fof image analysis and vcorrelation, and various phdtomultiplier tubes
and shutters which control the light levels in the system.

Thg: optical bridge itself is fabricated of heavy Meehanite

castings to provide an extremely rigid structure which is relatively stable

-3

I-5
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" with time and temperature. The cross-sectional areas of the members

are sufficiently large to keep deflections within extremely small limits.

r—a

The optical elements are fabricated into smaller sub-
assemblies which can be tested as integral units. These subassemblies
are doweled and bolted into 'place to assure pfecise alignment of the

optical axes.

The main viewing elements situated in the optics bridge

are:

1

a} the viewing zoom, which has a 10:1 range

3

b) the objective changeover syst'erh, which has

1X and 2X lenses (to give the machine a total range of 10X to 200X)

i3

_'and also contains the focusing mechanism

7
W

3

N
A T

1:1 to 2:1 and stretch axis aligned over a céntinuous range

c) the anamorphic elements which;éan be varied from

d) the image rotator system, which is élso continuous.

The reticle projectors housed in the optics bridge

- complement the main viewing optics to obtain round reticle floating

’—spots. A 75 watt arc lamp is hous.ed- in the optics bridge for the reticle

illumination source.

The binocular eyepiece assembly mouhts onto the optics

bridge also. This assembly contains the various prismatic elements :

3

used to accomplish reversal of views (left to right eye, etc.) and to '

provide binocular viewing when desired. Als:olincorporated in the a'ssembly

are the izariable-density filters used to adjust the eyepiece brightness

™ 3 D

-6
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lével and the high-speed safety shutters for eye proteéction. Micro-

3

switches activaAt'ed by the prism changeover mechanism alter the

' co_niputer program and operator controls to take into account the -
various optical presentafions at the eyepieceé . b

3. Operator Control and Display Console: This assembly

. contains all of the normally-used operator controls. The upper portion

0@ 0 (0

of the console is a display panel which contains the readout Nixie tubes
showing the X and Y coordinates of the two measuring engines (in .Ip
units) and meters which show the settings of elements i.n the optical
“trains. In addition, four sets of thumbwheel switches are incorporated

to allow presetting of the stage Nixie readouts to any desired numbers.

Pushbuttons are provided to allow the stage pésltion '
displays to be reset to zero, preset to the thumbwheel number, and to

have the count direction (sense of the axis) reversed.
N ¢

Potentiometers are positioned on the display panel .

to allow the Image Analysis System to be zeroed to reférende- points. .

The lower portion of the Operator Display and Control

Console contains the pushbuttons and control devices used to operate

[ 3

the machine. A 180-button keyboard is centrally located to control the

operation of the computer, data output, and miscellaneous functions.

- Stage motion is controlled by a dual-range joystick ‘

3

which is switchable to either or both stages and by a pair of trackballs

which are used for fine positioning. The optical elements can be

3

manually positioned by using dual-speed bi-directional velocity control

knobs placed conveniently around the trackball areas. Logic in the

-7
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machine switches the controls so that the operator is not confused during
reverse stereo operation. The computer performs rotations on the track-
ball and joystick signals, so that in all cases the images appeaf to move
in the direction in which the operator moves the control element.

The platen illumination power and intensity controls(
are also located on the operator console.I A pair qf joysticks used to
control film transport motion are located on the front surface of the console
for convenience, | |

4, Main Frame: The main frame is constructed of extremely

heavy box sections for utmost rigidity. The granite measuring engine bases

and optical bridge ére mounted directly to this frame. Under and within the

frame are servo-controlled pnéumatic shock mounts. The entire weight of

the main assembly rests upon these mounts, so that the whole machine is

~ isolated from floor vibration. The Operator Control and Display Console

is not suppofte’d on the mounts, and is in fact isolated structura11§ from
the main assembly. Since the operator's headfes; at the eyepleces is.
mounted to the Op'erévtor Console, it follows that the main assert.x’-bly‘"is
entirely isolated from disturbances caused by the operator's manipulation -
of the controls. | | | |
The high-iritehsxty 450 watt arc lambs supplying the
main fllumination and the dual-range variable condenser systems are.
mounted to the frame under the measuring éngines also. This optical

arrangement allows illumination of only the area covered by the viewing

‘system for maximum efficiency and constant illumination level. Control

of this'equipment is fully automatic.

I-8
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| B. Electronic Equipment Cabinets

There are three such cabinets in the system, Electronics
Cabinet Number One contains the servo and test equipment used for |
the measuring engine drives and film drives. Electronics Cabinet Number
Two contains the servo equipment used in the optics drive systefns and
illumination control systems. Electronic C:ab‘inet Number Thfee Aeonteins
the internal computer, all digital leglc. punch control, out\put deta
1

link, counters, Image Analysis Equipment, laser power supplies. and

interferometer controls, All of the electronics equipment is designed :

¢

for maximum reliability and serviceability,

C. Utilities Control Cabinet

This is a double-~bay cabinet similar in appearance to the
Electronic Cabinets. In it are contained the pneumatic controls for _
the stage air bearings, various air filters and regulators, pressure
switches, and solenoids. Electrical controls and equipment contained
1n the Utilities control Cabinet include the circuit breaker panels for
the machine, tally lights te indicate equipment status. arc lamp powerv

supplies, and various elarm and malfunction circuitry and interlocks.

D. Machine Room

This room contains various air compressors, vacuum

pumps, cooling systems, and support equipment for the machine.

I-9
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| - STAGE CONTROL
D Position (motion) of the two measuring engines may be directed
D by means of a JOYSthk and two trackballs. Four pushbuttons marked -
D JOYSTICK LEFT, JOYSTICK RIGHT, JS./TB. BQTH, and TRACKBALLS

INDEPENDENT - allow selection of which stage(s) is controlled by
E which control(s). The JS./TB. BOTH may be."selected by itself or in

conjunction with any one of the other three pushbuttons. In addition,

-

the TRACKBALLS INDEPENDENT may be selected in conjunction with

3

~either JOYSTICK LEFT or JOYSTICK RIGHT, in which case the JS./TB.

BOTH pushbutton is reset (not selected). In either the MANUAL mode -

r-7

or the ENTER mode, direction of stage control by these buttons is

-3

straightforward. With JOYSTICK LEFT (or JOYSTICK RIGHT) the left
(right) stage only moves in response to deflection of the ]oystlck
With JS./TB. BOTH selected, and neither JOYSTICK LEFT nor IOYSTICK
RIGHT selected, the two stages move in unison as directed by fhe
joystick. With the TRACKBALLS INDEPENDENT pushbutton select.ed,
the left stage is controlled by the left trackball, and the right stage
is controlled by the right trackball. With JS./TB. BOTH selected and
TRACKBALLS INDEPENDENT not selected, both stagés move in unison
in response to rotation of either trackball. In MANUAL mode or ENTER
mode, direction and velocity of the selected stage(s) are proportional

to deflection of the selected control(s). Thus in these two modes

neither eyépiece viewing mode br,settings of the optical elements

causes any modification of stage control.

In AUTOMATIC ‘mode and in AUTOMATIC WITHOUT ELECTRONIC

[

CORRELATION mode, direction and velqcit'y of the selected stage(s)\»-in

9

W pdey : ‘
'“‘..’,‘ [ o .

-10°
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response to deflection of a stage control is modified in accordance with

3

settings of the optical elements in such a way that the image viewed in

the appropriate eyepiece appears to move as directed by the control.

-

Actual stage motion in this case may be quite different than deflection

of the control would otherwise indicate. In these two modes, also, the

3D

eyepiece viewing mode affects the way in which the four pushbuttons

referred to above direct stage control.

H*‘.

In the two automatic modes, stage control direction is as

3

- follows:

1. JOYSTICK LEFT selected - Left stage only is controlled

It

by the joystick in all cases except that REVERSED STEREO selected

results in the right stage only being controlled by the joystick.

2.  JOYSTICK RIGHT selected - Right stage only is con- .

trolled by the joystick in all cases except that REVERSED STEREO

selected results in the left stage only béing controlled by the joystick.

3. TRACKBALLS INDEPENDENT selected - Left stage is

i3

controlled by the left trackball and right stage is controlled by the

—3

right trackball in all cases except that REVERSED STEREO selected

3

results in the left stage being controlled by the right trackball and

the right stage being controlled by the left trackball. -

4, In cases where both stages are being simultaneousiy

3 1

controlled by the joystick or by either trackball the eyepiece viewing
— modes have no effect on stage control. Thus, in either of the
D binocular viewing modes, the stage which is not being viewed moves

D along with the one which is, just as though the two were being viewed

Cog : . . Bt

E . | I-l_l.
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in stereo. Stage tracking is exactly the same for REVERSED STEREO ’
as it is for NORMAL STEREO. | | ——

S. When both stages move simultaneously under direétion
of one control, the modification of direction and velocity by settings
of the optical elements (once the latter have been adjusted so as to
establish a stereo model) is such that approximate stereo tracking of
the two stages will occur, at least over a short distance. If stag.e
tracking errors creep in, then the latter may be manually corrected by
using one of the individual stage control options. Thus a convegnient
mode of operating would be as follows: With the JS./TB. BOTH push-
button and the TRACKBALLS INDEPENDENT pushbutton both selecfed,
common stage tracking may be directed by the joystick and stage
fracking errors may be corrected with the trackballs., An al»ternate "
mode would be with the JS./TB. BOTH pushbutton and the JOYSTICK
LEFT (or IOYSTICK RIGHT)' pushbutton both selected. In this case,
either trackball would: éontrdl common‘stage trécking- and the joystick
would permit correction of tracking errors. }

6. In the AUTOMATIC WITHOUT ELECTRONIC CORRELATOR

mode, the computer repeatedly computes a stage to stage transforma-

~ tion whereby it attempts to correct (prevent) tracking errors. This

transformation type of stage control produces the effect of motio’ﬁ in

a stereo model of a geometric plane surfacg which represents the local
region of the ground surface. So long as the operator directs the stages '
by either of the bqth—stages by-one control modes he may direct the.

floating dot to any point in this plane surface. To move the floating

I-12
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ﬁ: : ’doth out of this plane surface, the operatoi may either use the track-

, balls in the TRACKBALL INDEPENDENT mode or he may use the joystick
E in the JOYSTICK LEFT or JOYSTICK RIGHT mode. Using the stage con-
E] : frols in any of these independent étage control modes signals the

computer to discontinue tracking in the plane surface and allows the

=1

operator to direct the floating dot to any point in the stereo model.

The operator may then, if he so wishes, direct resumption of tracking

<

in the previdusly established plane surface, simply by using the

—n 3

joystick or either trackball in the mode which calls for the selected
‘control to drive both stages together. Note that switching in and

out of the tracking mode is controlled directly by the joystick and

trackballs without requiring that any of the mode seleéting pushbuttons

be changed.

While in the AUTOMATIC WITHOUT ELECTRONIC

—3

. CORRELATOR mode, the operator may initially establish a tracking

—

"~ plane 's'\.'lrface, or later establish a new (different) plane for tracking

és follows:

—3

a. Using the joystick or trackballs in the respective
mode for independent stage control successively move to each of

three points through which it.is desired to have the tracking plane pass.

—i Iz

b. While located at each of these three points operate

L .
the pushbutton marked REORIENT to notify the computer that the floating

—3B

dot is at a point in the desired tracking surface. After three such

—3

points have thus been established, the operator may direct tracking in
a plane through these t_hree points by operating a stage control in its

respective common stage drive mode.

I-13
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 After a tracking plane has been established, the

operator may also produce the effect of shifting the tracking plane

without changing its slope. This is done by operating either the
trackballs or the joystick in an independent stage mode to locate on

one desired point outside the tracking plane. While on this point,

3o 3

the operator depresses the pushbutton marked REORIENT. The
operator now uses the joystick or a trackball in a common stage

control mode and the computer produces tracking in the plane through

the selected point, but parallel to the previous tracking plane,

It should be noted that computer control by means of

the transformation described above is poss.ble only in cases in which -

r—1

~complete information is available regarding the position, orientation,
velocity, etc., of both camera stations.

7. " In the AUTOMATIC (with electronic correlator) mode

3 1

operation appears much as was described under 6, but tracking errors

are avoided by an electronic correlator (Image Analysis System)
instead of by a computed transformation. In this case, however, the
D operator ris.not able to directly select the particular tracking surface
D ‘ which is followed. AThe tracking surface is determined by the corre-
latqr based on images formed on its two Image Dissector tubes. The
operator can sometimes exert an indirect influence on the tracking

¢

E _ _ .surface followed by adjusting the scale factor c‘ontrol, thus limi'ting
E the images being correlated to certain features within a restricted

field of view., Otherwise the operator may direct motion out of the

D _ correlation surface by operating the trackballs or joystick in an

i
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s

independent stage control mode. Similarly, the operator may direct

—3

tracking in the correlation surface by operating the joystick or one

—z

of the trackballs in a common stage control mode.

«
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OPTICS CONTROL

The Stereocomparator has two opvticalb trains, each of which

may modify the image of its respective photograph in the following

i

D four. réspects: magnification, rotation, anamorphic expansion, and -
D direction of anamorphic expansion. Eight five position switches on

| the control console allow the 6perator to adjust the extent of each 6f

D these optical transformatio‘né to any valuebin the available rangé . Each

E switch operates as a velocity control of one particuiar element (zoom lens,
image rotator, etc.). The five positions are for no change (neutral) and

for high or low speed adjustment in either direction, with spring return

71

to the neutral position (center). Besides these major controls, there

are also a number of incidental controls (brightness, focus, size of

D

reticle, etc.). The latter will not be discussed here, however.

If either the MANUAL mode or the ENTER mode has been

| éelected, then all eight of these controls are operable at any time the
operator wishes to modify theisetting of any optical element.

‘ 'lIn.-either of the AUTOMATIC modes, however, all of the above
switcHexé"b'éx.ce'pt the two controlling :fi:i.iagnification are normally inoperative.
This is because the computer (with or without help from the correlator)

s controlling the optics so as to maintain a stereo model automatically.

Nevertheless the operator may modify the scale factor of the stereo

model with either magnification control (i.e., either control causes both
zoom lens to increase or decrease at the proper relative rate so the

stereo model is not destroyed).

I-16
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In the AUTOMATIC modes, the operator may temporarily .take
manual control of the optics elements by se{egting the OPTICS INDEPEND-
EI\iT pushbutton. Whenever this but;'on is selected, the computer exerts
no control of the optical elements and the eight switches mentioned
above operate just as they do in the MANUAL and ENTER modes. If,

however, the operator remains in the AUTOMATIC mode, and simply

" resets the OPTICS INDEPENDENT button, then the computer resumes

automatic control of the optics from the settings which existed at the
time this button was selécted (i.e., the computer cancels out the
manual adjustments which were mad_e‘ in the interim) . |

| In the AUTOMATIC modes, the computer (with or wiﬂ;oﬁt
help from the corrélator) is directing the various optical elex_r‘i‘c‘;nts by
incremental drive commands . Hence, the actual settings of the various
elements are effectivély the integrals of the past incremental commandks.‘
The opéra_tor can at any time establish n'ew -additive consfants for the_se' .
integrals. This is done by using the OPTICS INDEPENDENT button to
take manual control as was described in the préceding paragraph. Having
set t'he optics as he desires, the operator does not now reset the OPTICS
INDEPENDENT button, Instead, he .selects the REORIENT button. The
computer then reads the settings of all the optics elements a'nd resumes
incremental control. The incremenfal control this time, however, pro-
ceeds from the new settings. The computer itself resets bpth the REORIENT
and the OPTICS INDEPENDENT button in this case.

If-l7
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Thus there is provision for the operator to control the 6ptics
manually whenéver he desires, and provision for the computer to take
control when directed to d_é so by the operator. The computer may be |
directed either to resume control frot_n'a_n earlier group of settings
which it has rememberevd, or to resume control from the new settings |

which the operator has established .
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AUTOMATIC STAGE TRACKING

It is convenient to refer to one measuring stage as the
"master" stage a.nd the other as the "slave" stage. In stereo tracking
the master stage is controlled sb as to follow the operator's control
commands in a relatively direct fashion. vThe slave stage is controlled |
so as to take positions corresp_onding‘to the master stage as required
to produce the stereo mod‘el. For each position of the masfer stage,
the proper corresponding position of the slave stage is determined by -
the computer assisted by the Image Analysis System (electronic
scanning and correlation system).

At any instant the computer has values in some of its régivste_rsA '
for positions for both stages. For the master stage these values re'sult
;from integrating all past image motion commands from the operator ’
(via the joystick and/or trackballs), after first' transforming these in
accordance with the settings of the master optics. For the slave stage.
thesé values result from integrating the master stage motion commands
transformed as required to m@intain stereo. The method of computing
t.}.aese values is discussed in Part III under Task 43.

Periodidally the compu'ter compares bits computed values for
intehded stage positions with th¢ actual stage positions (as ;ead from °
the stage position registers). The differences in these values are
outp\ﬁt to’ythe stage? position' servo systemsl_which run so as to reduce
the améau_nts of these differences toward zyerc;)’. Because the stage
speeds énd accelerations cannot bev ‘infinite the aqtual stage positions

generally follow't"h'e computed poqit'ions with some time lag._ At this

1-19

Declaséified. in Part - Sanitized Copy Approved for Release 2012/08/24 : CIA-RDP7QBOO873AOO140001001 1-7



E Declassified in Part - Sanitized Copy Approved for Release 2012/08/24 : CIA-RDP79B00873A001400010011-7

i

1

point it is well to examine the nature of this time lag for each stage.

1

For simplicity each stage will be treated like a one axis
servo system. Both stages actually have two similar axes with
inter-related position commands. Nevertheless,‘ one axis approxi-

mations will give sufficient insight into the nature of the time lags.

Let Aw represent the image position increment read from

the joystick or one of the trackballs in some particular sampling

3 7

period. Let Ax, = Aw/Ml and Ax, = Aw/l\/[2 represent the corre-

sponding position increments for the master and slave stages, where

I3

1\/11 and M2 are the magnifications of the master and slave optical
trains. Since the computer integrates these pbsitioh increments we

. mé.y represent the Laplace transforms by

3 031

il

SX1

and SX2

Figure I shows a simplified block diagram of the two servo

sW/Ml ‘

]

sW/M2 .

'systems, the electronic correlator and the computer. This diagram
is drawn according to the usual conventions for representing the
Laplace transforms of a set of differential equations., From Figure [

it is evident that

Y =~ Al sy W
D ! s +SIS+A181 Mlv
i
i
B ‘I—20
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E i ; | | , Master stage servo -
0w o ‘é |
. sW » 1 ) Xl ! Al S1 ; '
- :_C-'- 5,3.\: H - ;:’ Y
E i Mys isz+s s +A s | ! _ 1
i . 1 1714 !
_ : ‘ i |
) i t ‘ J
: ‘ I
E - Master
- optics
D . . Correlator ‘ M,
: } ; i
E . ; % é ' . \;l7+ .
! ! o Sy ;
I Lo Q Q |
T o N/
D ! 5 s+ 83 § ~ .
i ! e s AT
D ' e e e e Slave
! ' . optics
C | | o
| A
+ 7
D W7 ’ E
| _ i _

Slave stage servo

' Figufe I. Blocxk diagram of the stage tracking system.’ '_

sW is the incremental input’from the joystick or a trackball. Y1 and Y2

I

are the positions {one axis only considered) for the master and slave

- stages. A, AZ’ A,, Sy Sy and s3are real constants, and s is a
s v

complex number corresponding to frequency.
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My _D3%3
S +s,8 tAys, 2 28 878

3) (M1Y1 - MZYZ)]

a M
w_ —L
Ay sy Is (s + sy + Agsy 7, Y

A3s3..

s (s +5)6% 45,5 +As,) +A

52
The expressions.
Al s

Sz+s

1

‘s +
S Als

1
. s‘
and ZAZ 2

s +szs+Azs2

1

for the two servo systems would be identical if the two syst?ms were
perfectly matched. They are shown different for generality but
humerical differences between the two are, in fact, quite small. From
tests 6n the stége mockup it has been found that reasonable numbers

are as follows:

| & A, =50

T
e

corresponding to an 8 hertz bandwidth. The expression

Ay Sy

s+s3

for the correlator includes an undetermined constant A3 and the angular

frequency response which is given in the Itek report* as about 1 over

50 milliseconds - i.e., 20 radians per second. Thus the denominator

* X1 Final Report page 20 )
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<

s(s+53)(s +s s+zl\.2 2)+A2 3 5 S3

Study of this shows that it is reasonable to make the constant

A2 A3 Sy 53 about 300 000 in which case the roots are -4.09, -14.5,

C
i
D | is | s (s +20) (s.‘+1OOs+5000)+A2A3 Sy Sa-
C
i

and -50,7 ¥ 149.8. The root -4.09 is close to zero, indicating slow

D response. By making A2 A3 Sy Sg larger than 300000, the corre-
E sponding root is caused to move away from zero, i.e., in the direction

of faster response. In the latter case the root corresponding to -14.5

.

- coinciding. {f the constant Az A3 9 S3 is made still larger then the
’ ¢

two roots corresponding to -4.09 and ~-14.5 become complex and the’

moves toward zero and there is a limiting case with the two real roots

D

_response is unstable for practical purposes. Thus the constant

D A2 3 8 S3 should be as large as practtcal without having these two
roots become complex Because the theory is only an approx1mate

D representatxon of the actual physical situation it is desirable to allow

E ' a substantlal margin of safety. Practically speakmg, 300000 is

probablxy“ about as large as it's wise to go.
The foregoing discussion shows that the slave stage transfer
function (including the effect of the correlator) has, in addition to

a pair of complex poles close to thoSe which apply for the master

-4,.09 and ~14.5.

E _ stage transfer function, two real poles which are approximately
It will now be shown that the latter two poles essentially apply only to

the portion of Y, which is not given by the expression for the master

i | - 1-23
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C

stage. Thus, let:

A s
— 1 =
'Yl =

1 ' W
M

2
+ + A
S S, S Al-sl 1

+ YO
where Y0 corresponds to a difference (x-parallax) in the pictures on
the two stages. This difference must be adjusted primarily by the

correlator since the computer cannot predict such a difference. When

this value of Yl is substituted in the expression for the slave stage,

the result becomes:

2
Yz‘—‘ , A232 s(s+s3) (; +sl S+A131)+A1A35153 W
. ' M
s +Sls +Alsl s (S+S3) (s +szs+A2:-;2)-i-.13‘2A3szs3 2
. Ay B3S; 83 . Moy
) 2 M &0
s (s + 53) (s™ + Sy s +.A252) + A2A332s3 2
Since A) = A and s, = s, this is approximately
. ¢
: A s A, s, s M.,
v = 15 W, B B3 83 83 1

2 2 M 2 _ ‘ M
S'+SIS+AISI 2 s(s+s3)(s +32rs+A232)+A2A33253 2

The first term on the right side of this expression is identical with the
expression for the master stage and represents the slave stége response
to operator commands. The secdnd term shov;/s the response to differences
in the two pictures as detected‘ by the correlator. As stated above, the
sec_ond part contains time lagé which are in addition to those contained
in the first part..

The foregoing analysis did not allow for possible time lags
directly in the optical systems. Figure Il shows a generalized equivalent

of Figure I which provides for such possible time lags (insofar as they can
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Master Stage

E | sW o G, (s) - Y,
E Yo

|
D G_'S(s) ?)Apat?::i;r
[
. » Qorrelator +
| E G (s)
; E . -
E \
D G4(s) _ glge:t\i,ce:s
I

Slave Stage

E s

GZ(S). . o Yz‘

Figure II. Generalized block diagram correspo‘nding to Figure I,
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3

1

be treated by linear theory). G1 (s) and G2 (s) are the transfer functions
for the master and slave computer-stage servos. G3. (s) and G.4 (s) are
hypothetical transfer functions for the master and slave computer-

optical systems. G. (s) is the transfer function for the correlator. The
5

functions G3 (s) and G4 (s) are not the basic transfer functions of the

optics servos per se but are functions which allow for the fact that

stage motion may generate signals which call for readjustmeni of the
optical system settings. Such readjustment may produce an indirect

effect on the stage position depending on the particular pictures which |
AN

are on the stages. Thus there may be additional time léigs due to the

readjustment of the optical system settings but the effect on the stage

3

servo response should be small,
From Figure II we write the following relations:

Y1 =G'1 (s) sW

3 3

and Y, =G, (s) [sW + Gy (s) Gy () Y, + Gy (s) Yo =Gy (s) Y,)]

These may be written in the form-

Yl =G1 sW

i

2% [sW+ G, Gg (v, +Y)]

2 1+G2G4G5

3

Substituting the first in the second gives

3

) Gy [sW+G3 Gg (c;1 sW+Y0)]

Y —

2 1+GZG4G57.

i |
=G T2 %3 % sW + 2 53 % Y
2 1 +G,y Gy G 1+G2G4G5_ 0

Thus, if G, (s) = G, (é') and Gy (s) E-G4 (s), the response of

I-26

Declassified in Part - Sanitized Copy Approved for Release 2012/08/24 : CIA-RDP79B00873A001400010011-7




E Declassified in Part - Sanitized Copy Approvéd for Release 2012/08/24 : CIA-RDP79B00873A001400010011-7

the slave stage to operator commands (sW) is substantially the same
as the response of the master stage. On the other hand, the response
of the slave stage to differences inthe two pictures (YO) has additional
time lags which are now seen to result from the optical systems as well

as from the correlator. As stated before, however, the additional effect

rJ 1o

of the optics systems on these time lags is not very great. '

|

Some of the foregoing statements were made rather loosely and
were given without proof. This was for the sake of readers who might

not care to go into all the details. The following treatment covers the

™0 3

same ground but with more detail.

On page 20 the following expression was given for the master

3

stage response

g
(7]

H

\\
M
s+Alsl i

!l_ J|
¢z}
+
0

shown with the general operator command function (W(s). A particular .

command function of considerable interest is that for a suddenly applied

3 1

constant veIocity. In this case W(s) = v/sz, where v is the value of

suddenly applied velocity. Our primary .nterest is in the response for

3

values of time greater than some very small value. Cohsequa-ntly we will

approximate the expression given, by its form for small values of s (the

D

latter correspond to large values“of time, t). Then

3

A
= 1 v
17 s+4A M, g

Y

The inverse Laplace transform of this is'

3

-A t
I S B
yl—Ml (t A1+Ale )

[-27
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E » - Experiments with the test stage have given a value of Ai about 50.
Let us, however, take the very conservative value of 30. véle has

E a maximum rated value, for stereo tracking,r of 100mm/sec. divided

by the overall magnification. Thus in what may be taken as the worst

possible case

y, = -‘-9-9 (t - 0.0333 + 0.0333¢”30Y

This indicates a steady state velocity lag of (100/M) x 0.0333mm.

|

The field of view is greater than 150mm divided by the magnification,

hence the vel'ocity lag as a proportion of the field of view is

1

3.33/150 = 0.0222.

The expression also shows that at t = 0, v, = 0 and the velocity lag is

'initially zero. Furthermore the velocity lag builds to 90% of its final

1

value in
t= %—3 = 0.077 sec.

-2.3

( since e =0.1).

The correspénding computation for the slave stage is as follows:

3 3 3

Azs2 s(s+s3)(s +sls+As)+AA313 v
5 _
s” +s.s +Als1 s (s + 53) (s + S, +11\252)4'1?%21\332s3 M,s

2

.
=<

N
i

For small s this is approximately

A, [s(s+s3)+A 3(s+A) ]

S B

Y \

5 =

(s +A2) [s (s +s )+A2A333 (s +A2) M232

2 Azss
_ By [T s, —;g—-—)s+A33] v
3
(s+A)[s + (s, - A323)s+A3 3] Mys
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In evaluating this expression it will be assumed that the slave
stage has a bandwidth which is 30% greater than that of the master stage.

The design of the stage servos is such that it should be easy to balance

l[ _')JI

the two more closely than this., Thus again the calculations are being

kept on the conservative side. The various values being assumed are

3

S1 = 60 SZ = 78

D Al = 30 . AZ = 39

D Ays, = 1800 A,s, = 3042

C 5, = 20 A333= 60

/A Then

i |
| 39 [s2 + 18.00s + 60] v

Yy = 7 7 ’
D (s +39) [s“ + 18.46s5 + 60] M,s o
D _ _39(s+4.417) (s +13.58) " v
; 2

(s +39) (s +4.210) (s + 14.25) M, s

The inverse Laplace transform of this is

3

-4.210t -14.25t

- 0.005082e -39t

=Y [
Yy = ™ [t - 0.0333+ 0.01224e

+ 0,02618e

From the above we see that the steady state velocity lag for the

I

slave stage is precisely the same as that for the master stage - even

G.;A___.zj

without assuming matched bandwidth. The time to reach 90% of the final

)

value of lag is longer, however, (0.31 sec.) for the slave stage. Thus the

two stages start together, move 'apart very slightly, and come back into

3

precise correspondence after a short period of time. The fast transients

will pretty much disappear in about the first 0.1 seconds. Hence, for

|
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3

times greater than this, the transient displacement between the two is

approximately

' _;v -4,21t
vy = v, =3 (0.01224e ) l

At maximum rated tracking speed, as a proportion of the field of

view, this is )

.0082e”4-21t

which decays to .005 in 0,14 seconds and to 001 in 0,21 seconds. It
appears doubtful that an operator can see such a small, brief displace-

ment between the two stages at maximum tracking speed.

Now consider the slave stage response to a difference between

3

the two pictures as detected by the correlator. For this purpose, the

artificial assumption is made that, at some time, the two stages are

—3

displaced apart by some definite amount and that the correlator suddenly

3

commences to command correction of any existing displacement. The

response to this suddenly applied correction of a definite displacement

i3

is calculated. The appropriate formula for this calculation was given on
page 24 as

. AzAssz 3 M,
s (s + s3) (s + 8,8 + Azsz) + A2A35253

D2 7 3

For the particular case described above-

1\/[2 0 s

where d is the amount of initial displacement (scaled for the 2 magnifi-

cations). For small values of s the formula is approximately

¢

I-30
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i

ByBssgd |
s (s +A,) [s (s + s3) +AyAgs, (s +A2)_1]
A2A383d

A,s
s (s +A2) [sz+(53- AZ 3)s+A3$3]

]

Putting in the values stated on page

(39) (60) d
s (s + 39)[s2 +18.46s + 60]

(39) (60) d
s {(s+4.210) (s + 14.25) (s + 39)

Y2=

The inverse Laplace transform of this is

-4,210t -14.25t -39t

y2==d (1 -1.591e + 0.66le - 0.0697e

Thus the displacement is eventually corrected completely. Correction

" becomes 90% complete when each of the transient terms is less than 0.1.

Only the most slowly decaying one need be considered since, by the
time it's down to 0.1 the others will be negligibly small. Hence:

0.1

T.—S—Q-T = 00,0628

For e~4.210t = o 0628,
t=2.77/4.210 = 0.66 seconds,

Thus, as was stated earlier, the response of the slave stage to a suddenly

. applied correction of a correlator detected difference is appreciably slower

than the response bf both stages to an operator control command.
All of the preceding analysis assumed the correlator to be
functioning. If the correlator is turned off then the two stages respohd

to operator control commands as interpreted by the digital computer. The

[-31
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computer commands one stage as a master stage and the other as a slave _
stage but there is negligible time difference in the computer commands to
the two stages. If, however, the two stages are not exactly balanced in

.bandw‘idth then there will be a difference in the response of the two stages

H, - ,a E.. _:a

to their respective computer commands. Figure I shows that if the corre-

3

- lator circuit is opened then the slave stage has the same form of response
function as the master stage.
The master stage response was calculated on page 28 assuming

a bandwidth of 30/27hertz. The result was given as

£ 3 3 £ 13

¥, =5k (t- 0.0333 + 0,0333¢” 3%
1

The corresponding slave stage response, assuming that it has a 30%

greater bandwidth is

Y (t - 0.02564 + 0.02564e ,
S

Yo =™

Thus the steady state velocity lag for the master stage is 30% greater than

1

that for the slave stage. This produces a steady state displacement between
the two stages at the maximum rated tracking speed* as a proportion of the
field of view

= 0,769/150 = .00513,

i.e., slightly over 1/2%. Hence in order to meet the specified maximum

3 3 [ 13

value of 1/2% it is necessary either to make thé bandwidth of the slower

3

stage somewhat greater than 30/27hertz or else to make the difference

between the two bandwidths somewhat less than 30%. It can be calculated

Ui

that if the slower stage has a bandwidth over an even 5 hertz and the other

*It also produces a proportionately smaller displacement at lower stage speeds.

1-32
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i _ stage exceeds this by up to 30% then the velocity lag displacefnent
 between the two at maximum rated tracking speed will be less than
- 1/2% of the field of view,

i | ‘ : I-33
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AUTOMATIC OPTICS TRACKING

Insofar as the optics can be separated ihto ;equivalent one-axis .

2

systems, the anaiysis given above for stage tracking also applies at

least in principle to optics tracking. Thus Figure II applies to any single

optical axis (master and slave) if G1 (s) and Gz(s) now represent the optics

ﬂg.)J‘

servos for that axis and G3(s) and G4(s) are included to allow for possible
additional time lagsv in the optics response due to stage motion, In fact,

G3(s) and G4(s) are probably simply unity gain (constant) transfer

functions. Nevertheless the input YO represents differences in the two
pictures and the latter are functions of stage position (different functions

for different pictures). Thus, as an approximate analytical device, the time

delays in YO may be absorbed into G3(s) and G4(s).

Thus the reeponse time for the slave optical system, like that for

‘T

the slave stage motion, must be considered in two parts. The response of

H._)u B

! the slave system to operator commands as interpreted by the eomputer

t

(sW) is substantially the same as that of the master system. The response
of the slave system in compensating for correlator detected differences in

the two photographs (YO‘) contains additional time lags, however.

3 3

The servo system for any opticel axis may be approximately

represented, as having principal poles consisting of a single pair of

E_ ‘_D .

complex poles. This is similar to the function used for the stage servos.

3

The optics servos, however, have a narrower bandwidth (about 3 hertz)
than the stage servos (about 8 hertz). Thus the principal poles for the

optics servos are approximately -20 F i20. As a result the two real poles

which for the stage servos were calculated as -4.09 and -14.5 are - for the

optics servos - somewhat nearer to zero. The difference is not very great,

r 2

however,

- 1-34
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C

";‘__.i l

SUMMARY OF AUTOMATIC TRACKING

| Although each stage has two axes and eéch ‘o'ptical‘train has
four primary axes (magnification, rotation, anamorphic stretch ratio,
rot;ation of anamorphic stretch direction) the design of the system is

such as to practically isolate each axis so far as internally produced

time lags are concerned. Hence, as a good approximation, each axis

3

(of the stage or of the optics) may be analyzed separately. The various

cross couplings which occur are treated as though confined to the inputs

3

to the several axes. Hence, the time responSe of the complete sysfem

may be broken down to the time response of each axis to the inputs to

D

that axis.

3

Analyzing each axis separately shows that two inputs need to

be considered - one the operator's control signals, and the other_differ—

ences in the two pictures which are not simply due to geometry but which

arise primarily from the relief in the object photographed. It is found

that the slave system response to the operator control commands is

essentially identical to the master system response, and is quite fast.

r—3

The slave system response to the photograph differences is, however, '

appreciably slower.

ro

To see how this works, in practice, imagine that the stages and

3

the optics are initially stationary with settings such that the operator,

the computer, and the correlator are:satisfied that proper stereo corre-

3

spondence has been established. Now let the operator use the joystick -

or one of the trackballs in a tracking mode to command motion of the

images in a certain direction and at a certain velocity.

3 3

[-35
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3

" The stages accelerate to 99% of their respective final velocities

D

in about 0.1 seconds (assuming an 8 hertz bandwidth). As the stages
move (assuming that the photographs change scale factor due to tilt
distortion and due to geometry) the computer generates changing position

commands to the optical systems.

Treating these changing motion commands. as suddenly applied

3

constant velocity inputs - the optics accelerate to 99% of the commanded

velocities in about .2 seconds (assuming a 3 hertz 'bandwidth). Insofar

3

as the photographs can be predicted by the computer and insofar as the

various master and slave systems have matched bandwidths, the two

I3

systems stay in proper stereo correspondence while moving at the

3

commanded velocities (providing these do not exceed the rated values

for stereo tracking). I, however, some stereo non-correspondence begins

to develop, the correlator detects it and begins commanding corrective

3

action with a time lag not over .05 seconds. Actual correction of the

non-conespoﬁdence is, however, somewhat slow‘er. |
The easiest way to Staté the time iag in correcting non—cvorre—

spondence (detécted by the correlator) is to imagine that some definite

displacement has accumulated and that the correlator suddenly applies

a command for its correction. This is more pessimistic than the actual

[

situation wherein the correlator begins corrective action as soon as the

displacement starts to develope, but it is easier to analyze. Such a

D

non-correspondence displacement whose correction is suddenly com-

manded by the correlator will decrease to 10% of its""";'"initial value in

" about .66 seconds for the slave stage and about .8 seconds for the

1

slave optics. Any displacement which is initially more than about 5%
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of the field of view is apt to be outside the pull-in range of the correlator.

- Hence these times are ordinarily sufficient to reduce th‘e diSpla.cement‘t'o
C less than 1/2% of the field of view.
E Maximum rated stage speeds which maintain corf‘espondence on
identical bhotographs are rated at 10mm/sec. at 10X magnification varying |
D _ inversely with magni_fication to .5mm/sec. at 200X magnification.
D : Maximum error in correspondence .(on identical photographs) at these
speeds is rated as less than 1/2% of the field of view at the selected
D magnification. These values are believed to be more than adequatev
D for all practicalvapplications. Since actual photographs are not identical,
| tracking errors can be expected to develop if these maximum tracking
@ speeds are used. As seen \abOve, there may be quite noticeable tin;e

D lags in correcting such tracking errors if they are allowed to accumulate.

It should be easy, however, to judge the maximum tracking speed for any _

particular photographs since the first manifestation that a tracking error

i1

is startirig to develop will be departure of the floating dot from the surface

of the model. A slight reduction in tracking speed will then allow the

floating dot to settle back to the surface. Thus, it should be easy to

D _ track in stereo without having tracking errors accumulate to the poiht
D where they begin to produce eye strain and to do this at stage speeds

- which are very respectable indeed.

o | |
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’
DA _. PART I
| DESIGN SPECIFICATIONS |
i |
GENERAL SPECIFICATIONS*
. The Stereocomparator has two optical trains. The following

specifications apply separately for each optical train.

Magnification with anamorphic stretch ratio at 1/1: continuously

o 3 -3

variable from 10X to 100X, or from 20X to 200X; depending on selection

r— 13

from two different objective lenses.
Anamorphic stretch ratio: continuously variable from 1/1

to 2/1: direction of maximum stretch continuously variable without limit.

‘Image rotation: cohtinubusly variable without limit,

Brightness at each eyepiece: continuously adjustable from

i1

0.06 to 1.2 stilbs (175 to 3500 foot lamberts). Set value is automatically
maintained for average film density variations over range 0 to 3. 0; high

speed shutter provides protection against sudden increase in brightness.

Type of reticle: floating dot principle; bright round‘d'ot projected

to center of each eyepiece.

Size of reticle: continuously adjustable from j{xst over diffraction

3

limited** to 4 times diffraction limited; size and shape maintained auto-

matically for variations in magnification and anamorphic stretch ratio.

3

* Tentative until revised after completion of the Optical Design
** Pquivalent object, size of Ares disc of an apparent point source at
D the film plane. :

D - | | I1-1
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Apparent.poﬁ;ition of reticle: superimpoéved‘ on the film plane;
position shift with respect to the: point at which the mavin optical axis
intersects the film plane is less than + 1/4’ fnicrqn for changes of setting
in the zoom lens, anamorphic stretc»h ratio, image‘rotation fine_ focus,

' size of reticle, and adjustment or switchmg of the eyepieces .

Range of coarse focusing control: 3 m1111meters vertical

. movement of objective lens,
| Rangve of fine focusiﬁg control: 0.7 millimeters vertical,

movement of objective lens.

. Low power objective lens: 80mm focal length, F/2,1, operétes

High power objective lens: 40mm focal length, F/1.25, operates

as a collimating lens.

Objective lens seléction: via pushbuttons on control console;
accidental alte'ration of selection during a measurement sequence prbduceS-
automatic not1ficat1on to the operator that measurements have been ‘
invalidated and automatic provision for startmg the sequence over.-

Diqmeter of field of view at the film plane: inversely pfopc;r-
_tional to overall magnification, greater than 15mm at 10X and greater than
0.75mm at 200X. Values are specified at 1/1 anamorphic .ratio; at other
.st_:retc;h ratios the field of view at the film plane in the direction of

maximum stretch is also inversely proportional to the stretch ratio.

b

b

i

i

i

i

B
A
] a5 = collimating lons.
g

i

i

;

g

i

i

i

Diameter of exit pupil: 1,2mm with low power objective and

1.0mm with high power objective.

C
o -
i
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Field of view at eyepiece: g:eatér than 35° included angle.

r—a

Eye relief: 20mm + 2 mm.

' Interpupillary distanc_:”e: continuously adjustable from 50
to 75mm.

Eyepiece line of sight: 15° below horizontal and 6° adjustable
convergence, with 2° vertical adjustment of one eyepiece relative to
the other.

Independent focusing of the two eyepieces.

Byepiece modes: 4 selectable; normal stereo, reversed stereo,

binocular viewing of left stage, and binocular viewing of right stage.

E o S ¢ < 2

| .
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. 2. The Stereocomparator has two measuring stages. The following
=

" | specifications apply separately for each measuring stage.
Construction: Base block, top stage, and intermediate guide

| stage are each a single piece of lapped granite. _The',top stage is

» supported by 4 air bearings and the intermediate stagve is supported by

3 air bearings; bot_h sets of support air bearings are with respect to the

top plane surface oi the base block. Guidance of the intermediate stage

_with respeot to the‘ ‘ba se and of the top stage with respect to the inter-

-3

- mediate stage are by means of compensated air bearings. Film i{s vacuum

(I

' clamped to a glass platen mounted on the top stage. Film spools and
| h B drive system are also carried on the top stage. Film 111uminat10n occurs,
| o ~ from below, through appropriate openings in the base block and in each
D o stage. ' ,- '_
E ' |  Mea suring’iiz-Ra‘nge: 9-1/2" x 20" rectangle. ' :
.' Size of ftlm-accommodated' any width from 70 mm to 9-1/2 inches,
E any length from a cut chip to 500 ft., any thickness from 2 to 7 mils.
D _ [ Maximum _speed of top stage: 3 inches _pe;_’ second in any
| (horizontal) direction §' | | -
D | Maximum acceleration of top stage: 10 inéhe.s per second

E .. squared in any (horizontal) duection.

Maximum angular deviation of top stage from true rectilmear

translation: 1ess than 1 arc second each in pitch, rou and yaw,

Maximum measurement error due to pitch roll and yaw of

C | top stage: too smatl to measure (see Appendix II-A)
i 11-4
B
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Maximum vertiéal deviation of top of' film platen: + 10 microns.

Type of measuring system: Twyman-Green interferometers on
each axvis, powered by single mode gas laser light. source.

Basic least count of measuring system: 1/4 wavelength of

| He-Ne laser light (approximétely 0.1582 microns).

!

Converted least count of measurement read-out system: 0.1
microns. |
| Maximum counting rate of measurement system: over 1 megahertz. |
E Maximum time required for reversing counting direction: less
‘ than 2 micro-seconds.

Type of readout: BCD (1,2,4,8 code for each digit); sign -

- magnitude representation; provision for setting count origin to zero or
| to any preselected number.
| Maximum deviation from straightness of interferometer travelling

- mirrors: + 0.079 microns in any 2-inch length; + 0.3 microns over total

t
I

? length.
* Maximum non-perpendicularity of X and Y axis travelling mirrors

for interferometers: 1 arc second.

Room air conditioning:
Temperature: 72°F_j; 0.5°F
Humidity: 55% RH + 15% RH, -5% RH
Control digital computer:‘ Honeywell DPD 516; 16-bit word
- length, 16384 words of sfb}ége; high speed asithmetic option; teletype-. -

| writer input - output; high speed parallel transfer to and from Stereo-

. comparator interface electronics.

II-5
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E ' PERFORMANCE SPECIFICATIONS

1 T e
| _
Resolution: CONTRACTURAL
a. White light from a Xenon arc

—a

3

B Linepairs/mm
Objective focal length | AiOmm _:B_Qmﬂ
G' 10X Magnification | l s
20X Magnification J 80
100X MagnifIcation B l 4o0O
200X Magnification L_S_Q,O,.
' ‘b. Yellow~-green filtered Xenon arc light

Objéctive focal length 40mm

—
|

10X Magnification
20X Magnification E-Yel

100X Magnification

200X Magnification

1 1 O

c. The resolution degradation between the center of

—

the field of view and at one third of the distance

toward the edge of the field of view is less than 10%.

3

—
i

|

|

|

|

|

( | \
i - )
E -6

“Il
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Maximum RMS absolute error of coordinote measuring
system: 0.V4 microns plus 10 parts per million, each axis, provided
the room environmental cohditions are within specification (not 1nclud—-
ing operator poihting errors or errors in the fﬂm itself).
| Maximum speed of stag“es While tracking corresponding poin.ts
in two identical pictures: 100mm/second divided by the selected over-
all magnification, | |

Maximum error in trac);ing corresponding points in two identical
pictures at ma#ifnum rated trécking speed: 1/2% of the diémeter of the -
field of view at.the selected overall magnification. This specification ,
applies both_ when the Irrlxagev Analysis System is on a:nd when it is off.
If the Image Analysis System is operaﬂn_g . however, theory says there

should be no steady state tracking error when tracking on two identical

.

photographs, '
At tracking sp,eeds less than the rated maximum, the_ trac'king,
error is proportiona.t_eiy smaller than 1/2% of the field of view.
Maximom time reouired for the stages to accelerate to 90% of
the speed which is Vfinally reached, after a command for oonstant

velocity (not in excess of the maximum rated tracking Spé_e‘d) is suddenly

applied through the control console: 0.1 second.

Maximum time réquired for the stages to accelerate to 99% of
the >speed which is finally reached, after a command for constant
velocity (not in excess of the maximum rated trackmg speed) is suddenly

applied through the control console' 0.2 second.

11-7
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D v Méxi_mum pull-in range of Image Analysis Systém (electronic'
: scanners and correlator): at least + 5% of the field of view at the |
selected magnification .v
Maximum' time required to reduce a suddenly released tracking-

:

D error which is detected through the Image Analysis System to less than
D 1/2% of the field of view (provided the two pictures contain sufficient

information for satisfactory Correlatidn): 1.5 seconds if the error is:

B initially 5% of the field of view, proportionately less if the error is

initially less than 5% of the field of view.,

E - | o -8 L I

BEL ' : : )
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TASK 1

STATEMENT OF WORK, SPECIFICATIONS, REPORT PREPARATIONS-

=
.

ntroduction

"This report provides the technical summary of design STAT

effort as pérformed during Phase I. Each task has been coimpleted and

the technical results summarized, except for those items directly con-
cerned with, or interfaced with, the Optical Subsystem. We anticipate
that the technical summary of those items, including the Optical Subsystem

will be completed and submitted during early March, 1968,

IT. Summary

The report has been written in a8 manner which attempts to avoid
repetition and duplicatidn of discussion which may have appea;ed in
previous monthly progress reports. Each task repqrted is augmented by a ‘
reference index which appears as the last page of the task. This reference
ind.ex indicates the volume and page numbers of previous :;eports where |
further émplification of an item méntioned in the text can be foﬁnd.

Figure T1-1 provides a convenient cross-index of volume numbers and dates
xiublished. We feel that in this manner the reader can be spared repetition
of information of which he might already be aware and knowledgeable.

The reader will also the'that there are three additional sections
in this report, We have inéludéd Part I - Descriptioﬁ and Application;

Part II - Performance Parameters and Specifications; and Part IV - Report on

I -Ti-1
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e _
B the Phase II Fabrication Effort. Part IV also includes the Statement

of Work and General Description (Appendix IV-A) and Specifications

I

{Appendix IV-B). This information is provided in accordance with

Phase I contract requirements.,
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REFERENCE SHEET

Period Covered

January 9 through February 24, 1967
TFebruary 24 through March 31, 1967
April 1 through April 30, 1967

May 1 through May 31, 1967

Tune 1 througﬁ June 30, 1967

July 1 through July 28, 1967

July 29 through August 25, 1967 - Appendices.

‘huagust 26 throu.g'h September 29, 1967

August 26 through'September 29, 1967 - Appendices

September 30 through October 27, 1967

‘October 27 through November 24, 1967

.Figure T1-1
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ASK 2

SCHEDULING AND PLANNING

I. Introduction
- The Scheduling and Planning effort for Phase I has been completed
with the exception of the coordination of the Opt@cs Subcontractor's effort \
with the Ed’esigned equipment. Pert/Tlow diagrams (])are still being STAT

utilized to assure management control of this portion of the program.

11, summary
The use of Pert in Phase I, and the attendant success of this
system, has iﬁdicated t0|:| that thé same method of control sheuld be STAT
emp;oyed during Phase II. Irz.itial steps in this direction have already -
been taken during the pricing of Phase II, ‘and plans are to utilize the

Pert system throughcut the fabrication, assembly and installation cycles.

I - T2-1
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D REFERENCES

Task 2 - Scheduling and Planning

(I

(1) I, pages T2-1 and T2-2.
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TASK 4 |
MANAGEMENT, ADMINISTRATION AND SUPERVISION

I. Introduction

- Program Management is extremely pleased with the demon-
strated success of Phase I. As indicated in this report, the desig'n |

goals have been met and the program will be completed in accordance

with the original program plan.(l)

II. Summary

At this writing, the status of the overall program is as

follows:

90% of schedule completed.
93% of,-program actually corﬁpleted.
89% of budget expended.
These percentage figures 'repre>sent the delay in completion
of Optics design and in turn, thegléquipment which is dependent STAT
upon the Optics design for finalization. Individual task summaries

in this report define those areas of Optical interface affected.

“III. Conclusion

The obvious success of the management control procedures
used in Phase [ indicate that these same procedures will be utilizéd
during Phase II.(Z) The fact that Phase II ).S hardware-oriented will
dictate that control in greater depth be initiated. The system used,

however, will be essentially the same.

111 -T4-1
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| REFERENCES

(1) Task 4 Management, Administration and Supervision

I, pages T4-1 and T4-2.

Cr 2 12

(2) Task 1 Statement of Work, Specifications, Report Preparations

I, Pages Tl-1 and T1-2.
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TASK 7

MAIN FRAME AND STRUCTURAL ELEMENTS

1, Introduction

The main frame-is a two-piece structural member supported

(1)

and isolated from ground by a vibration isolation system.

I, Summary
The frame is fabricated from steel plate into a closed box section

to provide maximum torsional rigidity, and is designed to support the

(2)(3)

machine load in case of failure of the vibration isolation system,

The main frame is designed to support and maintain, both

(2)

vertically and horizontally, the positions of the base granite'”™’, and» ,

‘ 3
therefore the stage and optical bridge left and right(4’

(4)

the central optical bridge’ 'and maintain its fixed position with respect

(3)

, and to support

to the optical bridges left and right.
The main frame provides three-point support for each base granite.
Fach support is a leveling jack utilizing a wedge action to produce vertical

adjusting motion..
I1I1. Conclusion

The main frame has been designed and will interface the Stereo

Comparator with the vibration isolation system.

1 -T7-1
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XI, page T7-1,

Task 35 - Vibration Absorption & Leveling -~ Final Report

(2) Task 7 - Main Frame and Structural Elements
I, pages T7-1 and T7-2 ‘

(3) Task 7 Main Frame and Structural Flements
IT, page T7-1 and Appendix 121-C.

Task 21 Optical Bridge and Supports ~ Final Report"
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(I

TASK 8 .

SKIN

LB

(I |

Introduction

The purpose of the skin is to enhance the appearance of the

functional machine without deteriorating the machine functions or

2 I8

necessary required adjustments. -

II. Summary

The skin will produce a cover over the optical bridge castings
- and at the same time will provide an enclosed area at the rear of the

machine for all utilities and electronic interface panels. The skin

enclosing the optics will be dust tight at'all interfaces.
Included in the skin category will be a pod over the control
console which, aside from its primary function, will provide an area of

minimum cutside light distraction for operator comfort,

The two side rails are completely functional in that they provide

" the operator with a means of chair movement, both into and out of the

r=

console area, 'and also provide a kickboard so that the chair and/or the
operator will not be able to disturb the base granite proper in the event of

excess side movements,

ITI. Conclusions _ 4

The skin has been designed both functionally as noted above,

-

and in accordance with the industrial designer's recommendations.

-

E 17 - T8-1
"
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(I

TASK 9

GRANITE & WAYS ASSEMBLY FOR STAGES

1 e

—
.

Introduction

The granite and ways actually total 12 pieces of granite with

(1)

- varied purposes,

3 1B

2

II. Summary

r

The base granite provides a stable, flat to 50 x 10“6 inches,
platform which the "T" section, or moveable ways, and the stage use

as a reference through an air bearing interface to maintain a constant

re® =

distance_ between the film plane and the objéctive lens regardless of

=

stage position in the 10" x 20" viewing area,
The moveable ways provide "X" and "Y" axis reference for fhe_

stage through guide air bearings working on the flat to 50 x 1'0_6 inch

s 3

ways, and provide a means of mounting the "Y" axis drive.

The stage provides the stable platform on which is mounted the .’

(2)

film platen , the vacuum clamp film holddown system(z) , the film drives(3)

the moveable interferometer mirrors(4), and the articulated utilities arm on
which all utilities and electronic cables as required enter the stage area.

The other pieces of granite are necessary to integrate and provide

r2 3 rs rMs

stable platforms for the interferometry system.(4) This includes the "X"

and "Y" axis interferometer and the laser,

L2 r'® 3

IIT - T9-1
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111, Conclusion
The granite and ways as designed have been proven in the

breadboard testing and are acceptable,

[

T 1

3 e

L ]

111 - T9-2
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(4) Task 22 Interferometer Assembly - Final Revport
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TASK 10

AIR BEARINGS

(S N M N

I. Introduction

(1)

utilized

1

The air bearings are the frictionless guide method

to maintain the stage and therefore the moveable interferometer mirrors

1l

in a perpendicular relationship with respect to the laser beam reflected

(2)

from the respective interferometers . The air bearings also supporg .

(3)

[ I |

the stage and maintain the film plane as a horizontally moveable,

vertica lly' non~-changing plane.

e 13

II. Summary

3

Maintaining the perpendicularity relationship of the moving
interferometer mirrors is necessary to insure that no position counts

are lost or gained while the stage is moving.

s 18

The film plane being maintained as a vertically, non-changing

=

plane is necessary because of the extremely small depth of field of the

(4

optical system

.

The air bearings support and guide the stage on a thin film of

(5)

very dry and highly filtered air about 3 to 5 microns thick'”’. The design '

(6)

of the air bearing surface and the orifice size produce an air bearing

(1)(4)

that is very stiff , (has a very high spring rate), and this is the force

(6)

and maintains

that maintains the stage with respect to the guide ways

a constant stage liftoff height,

111 -T10-1
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L 111, Conclusion

ﬁ The air bearing svstem has been manufactured and tested

- , : : : , :
on the-breadboard and found acceptable for use on the Stereo Comparator.

H

b

111 ~-T10-2
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5 TASK 11
fad ) . . N
:] | | STAGE DRIVES.
j 1. Introduction
ﬂ : ' The stage drives are 'friction type devices utilized to convert
E .
- rotaty to linear motion and thereby position the stages, and therefore
' E " the film plane(,l)on their "X" and "Y" axes to any point within the 10"
~ D . x 20" limits under the objective lenses by either manual or automatic
comman ' .(2) In addition, the stage drives must also control the

" velocity of the measui‘ing engines so that stereo fusion is maintained

u'nder conditions of motion of the photographs.

The_'mechanical portion of the stage driv_es consists of a friction
type leadscrew called the threadless leadscrew(s)(4)
) : ]

' type drive motor and tachometer generator connected directly to the

(6)

D : - ' 1eadscrew(5) , and an attachment of the leadscrew nut to the stage’ ™,

, @ printed circuit

i

i _

i I Summary
i

The threadless leadscrew has been extensiveiy tested and ;;roven
G satisfactory for this appliéation(7) .
D The high degree of positioning accuracy and controllab)ility
requi‘red imposes extremely stringent requirements on the drive system u;ed '
to power the engines. The electronic equipment which comprises the stage-
drive system includes.“ the folléWing ass‘émblies; |
a) | High current power amplifiers wh ich supply the driving

1 E : voltage to the servo motor.

E : : ;. I - T1l-1
i
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. travel is reached.

b) Printed circuit motors which are capable of operation
over an extremely wide speed range with very little jitter or cogging.
c¢) DC Tachometer generators attached to the motor to provide

velocity feedback signals wh ich are utilized to stiffen and damp the

~overall system,

d) Specially-made 23-bit digital—-to-ana‘lég converters whichv
receive the digital command numbers from countdCWn registers in the:
electronic assembly and convert these digital numbers to analog voltages
accordihg to a. prescribed pattern. These voltages are applied to thé
power amplifier to cause motion of the stages. -

e)i Ahcillary equipment for performing variouls__tests and
adjustment functions on the measuring engines and various limit relays

to prevent damage to the measuring engine whenever a limit of mechanical

III. Conclusion A
The stage drive system as designed and tested bygduring
the past year provides excellent stability, acc'uracy and st'iffnesé, and

it is anticipated that this drive system will prove entirely satisfactory

»

B with respect to performing in such a way as to allow stereo tracking on

the finished machine.,
' (

v. Discussion

The printed circuit motor used to drive the measuring engines

is quite unique in that it exhibits very low cogging, and has almost no

III - T11-2

b
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. N .
inductance. This is primarily due to the construction of the motor in

which a great number of poles arev etched on a circuit board which acts
as the armature. This armature has quite a low polar moment of inertia,
but since it is only possible to print one layer of windings on each side
of the armature discs, it can be seen that the motor consists éssentially
of ain::'sreries of'one-_turn windings. The extremely low terminal impedance
of the.motor (0.530 ohm) causes the motor to require quite large currents
: iri ord‘er to develop éppreciable torqué . In fact, the torque constant of
‘the motor is .only 7.5 ounce/inches iber ampere of'applié"d current., Due

to the rather large mass of the stage and drive shaft which must be

accelerated very rapidly, a great deal of torque is required and corres-

ponding high current levels can be expected during normal operation

of the machine.

3

The selection of a suitable amplifier to provide the current to

drive the motor prove;i something of a problem, and after surveying

_the amplifier units available on the market, it was finally decided to

- design a servo driver especially for this type of motor.(s)(g) This

' ‘i_amplifier design proved extremely satisfactory in our experiments with

the breadboard system, a'nd since the same motor is used in the stage .
~drives, the film reel tensioning drives and the illumination brightness
control drives, it was decided to utilize this amplifier design in all of =

these areas in the machine so that the total requirement for the machine

A AR

" is 10 of these Linits. : .
In order to‘provide high positioning accuracy for the measuring

engine, it {s necessary to make ‘the drive system relatively insensitive

I - T11-3
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to the torque loading on the drive motors caused by friction. It is

also necessary to simultaneously adjust the overall drive ratio from the

motor to the stage such thét a maximum slewing V_élécity of 3" per

second can be obtained. The combined requiremer-it_s of high speed and

high accuracy are attained through the use of an extremely stiff velocity

~ feedback loop so that the overall stiffness of the System is on the order

3

of 12,750 ounce-inches per rad, The net result of the incorporation

of this velocity feedback loop (vélocity feedback signal being derived

1

from a DC tachometer generator mounted on the motor shaft) makes the

i]‘_“r l

. system capable of positioning the drive shaft to an accuracy of one
count from the laser system (0.16 micron) in the presence of 10 ounce-

- inches of friction loading.

1 13

Since the mechanical drive provides 1itf.le friction drag, then

this one count accuracy is quite easily obtained by the syﬂstem.(lo)

Our experiments with the breadboard system indicated that positioning
D : at extremely low speeds (well below the ,001 inch/second spee‘d-‘called

for in the 'deS‘ign goal) 1s possible while still,mainfaining the 3" per

second maximum slew speeds.

1~ 1

As originally proposed, a servo bandwidth of approximately
D 12 cycles per second was anticipated, but due to mechanical resonances

 found present in the system, the overal bandwidth had to bé restricted

to 8 ;c_ycles.' The bandwidth of a servo systém is an indication of the

speed with which the system can respond to sudden changes in the input

0

. commands. Our experiments have shewn that the 8 cycle bandwidth is

!

E - . | I - T11-4
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(11)

-

entirely adequate for the purposes of »the machine,

In order to allow computer control of the stages, it is

/|

‘necessary to incorporate into the stage drive servo system a digital-
to-analog converter. This converter takes the digital numbers from the
computer, or from various counter circuitrs, during manual mode of

operation, and converts them into analog voltages according to pre-
(12)

scribed formula for use in driving the servo amplifier. In order to

allow any position of the stage to be Specifiéd during the pre-positioning

ﬂ‘—‘] l

mode of operation, we found it necessary to incorporate 23-bit digital

words in the system, although a range of 16 bits is all that is actually

required to drive the stage at full speeds. Our experiments with this

D/A converter indicated that the acceleration :characteristics selected
for the converter are satisfactory for both large and small error cases.

The test facility built into the D/A converter also allows observation

N

of the input to the stage drives for purposes of maintenance.

|

If-T11-S
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TASK 12

FILM DRIVE AND TRANSPORT SYSTEM

I. | Introduction

The film to be analyzed on the Stereo Comparator will come |

—3

in lengths of up to 500 feet., Except for very short chips, this film
will be on rolls.

Film width can be anywhere from 70mm to g9-1/2", while"-

film thickness can be from .002" - ,007".

Even though mos,"c' film will come in standard widths provisio‘n

must be made to accommodate any intermediate format. Therefore, an

adju’stable, universal width film drive and transport system has to be

designed in order to handle the film at speed ranges suitable for slow
scanning and rapid slewing,
Film changes should be made possible within two minutes

in order to limit down time

The film drive should be joystick cohtrolled for bi-directional

film movement.

II. Summary

After the preliminary specifications for the film drive and

transport system had been established, it was found necessary to rribdify

L |
E | | M-Ti2-1
i
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the standard | |design to allow for:

§) 'Higher slewing speed.

b) _Greater film acceleration.

c) Cioser film tension limits to insure even winding te,,n>s,ion
on the film at all speeds and reel diameters. '_

The fir;st design concept is described in the June 1967 re;po'rt
for this t'ask(l).

The disadvantage of this early design concept is that in o}der
to provide the required function, sevéral rollers are required vhich would
éause an elaborate design with an inherently high profile.

Hence, a subsequent design was developed where only two
rollers were needed, and which would perform the various functions more
éffic ;ently than the previous packagé. |

This new design is discussed in Reference (2).§ A mock-up was
fabricated to d_evelop an optimum configuration for ease of film handling,
either with emulsion side up or down(a) . The design parameters and control
'system for this‘ﬁlrﬁ drive and transport system are expléined in Reference (4)v.

The film drive control system is comprised of three servomechanisms
plus as'isociated control circuitry. Two of the servomechanisms are high |

current systems (similar to those used in the stage drives) for'dr'i'ving,the '

film reels, The high power requirement is dictated by the necessity for -

r-T12-2
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—3

maintaining a proper tension in a full reel of 9-1/2" wide film.
The third servomechanism is a comparatively low~powered capstah

drivé system. In order to maintain constant tension in the film under all

conditions -~ variable quantity of film on the reel, variable width of film,

and accelerations of the transport -~ it was decided to use a configuration

{1

containing tensien sensing dancer arms. The dancer arm system maintains

1

complete control over all of the above parameters simultaneously, whereas

the more conventional radius sensing arm does not allow confrol of film

tension during acceleration of the transport.(s)
In addition to the three basic servo loops which provide the drive

forces within the system, a control arrangement is required to allow tension

being relaxed in the system during vacuum clamp-down, and to allow the

film to be picked up and tension reinstated in the system when slewing is

required. It is also necessary to provide controls which will allow the

system to be placed in a condition suitable for loading and unloading the
| film, This is accomplished by means of two electronic assemblies per

transport which contain various relay circuits and signal generators to

(6)

provide the proper timing and control functions for the main servo loops.

D ‘ One of the unique features of thié new type of film tfansport is

B the fact that it is not necessary for the film to be threaded so tightly thatﬂ.-
all the slack has been taken oﬁt of the system prior to enérgizing the

E o ~ servo systems. In previous designs, if any slack existed in the film pack,

E | af the moment the transport was turned on, heavy correction current would

be applied to the motors which would, at times, actually stretch or break

== )
| D , III - T12-3
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3

o~ the film. The new design incorporates special circuitry which senses
E | ' r:v?hether or not slack is present, and if slack exists, the controllers will -
| '.Ig'enerate low 'velocity commands which will wind tl'.lé slack out of the
E _ ' system at a safe rate,
D
111, Conclusion | ‘ 7 ‘

D . o ‘Two identical film drive and transport systems for ste_reoscopi'c
E viewing have been designed. _

The film transport system will be bi~directiona1 énd continuously
D variable with a slew rate of 2.5 ft./min. to 250 ft /mm (i e., .5 inch/sec.
D 'to 50 inches/sec.). The film will be capstan driven.

The system has been designed to insure that a wox}kable film-
E tension is maintained throughout the slew limits,-and _ihat proi‘ection from
E abrasion, scratches énd_ tearing is a‘ssured. |

. The film transport system will handle film up to 500 fset in lelngth
E on rolls, varyingvin'width from 70rnm to 9-1/2 inches, and in thicknesses
D from .002 to ,007 inches. Changeover to a different film size can be"
accomplished within 2 minutes. ‘ |

D vThe system is capable of handling film eitheriemuision up or down,
E and winding film with emulsion either in or out.
, o The entire film transpor‘t_ system is suppoarted on’ the main film
E stage, and it is controlled by a single axis joystick, mounted on the control'
D '_ - console nearest to the film that it controls. The joystick is springloaded
&.' | for automatic return to its center (neutral) position.
D o
D I ~ T12-4
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i

V. Discussion

i

C

E o r The capstan drive was used to give better film control over
the variab_le ;slew‘/v rate. Simultaneously, a closer control over film

E tension can be maintained by this method of film drive; |

E An interface requiremént is that, éihce the film is being
sléwed through the narrow gap between glass platen and objective -

E _ :

“ lens, air cushions are provided to avoid contact with these éomponents

E while the film is being moved. g T

|
i

3

/‘ _ S III -T12-5

t
[
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TASK 13

FILM PLATEN AND FILM CLAMPING SYSTEM

I. Introduction
In order to view film and measure coordinates on this film by
means of the X and Y movements of the measuring engines, it is neces-

sary that the film is firmly held against the glass platen. Air bockets

that could thwart accurate coordinate measurements must be non-existent,

and no relative motion between film and platen is allowed. -

Hence, not only is an accurately 'lapped, flat glass platen

‘necessary, but also a suitable film clamping -system is imperative.

II. Summary
A. Film Cla mping System

Besides thegdeveloped clamping arrangement, several

other film élamping methods were investigated, but none of them proved

(1)

satisfactory

. Hence, the vacuum clamping'system was used:as a
basis for this design.’

A breadboard was fabricated and tests were cdnducted to

determine clamping time for various formats(z).

Subsequent data obtained from the optical survey indicate

. that the objective lens would cause interference with the clamps. The

clamps had to be redesigned for a lower profile to avoid lens pontact(?") .
A new set of vacuum clamps was fabricated and fiests' were

made. It was foufxd that the reduced vacuum passage materiaqlvly improved

III - T13-1
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the clamping qualities (4).

B. Glass Platen

Since the depth of field at 200X magnification is only
iapproximetely 2 microns, it is imperative that the glass platen support—
ing the clamped film is extremely flat, lest the 9~1/2" x 2'0‘.‘ fil‘m» format
-will lose its focus during the automatic mode of the measuring engine.

| To obtain an optimum size for the glass platen, calculations :
(5) | |

were made to compare weight strength, and deflection

e Due to late developments in the optical system. the glass

platen has been enlarged to the present final size of 23 500" length
' 15.000" width, and 1.250" thickness.

1.

A film platen and film clamping system has been designed to

accommodate film formats varying from 70mm x 20" to: _9-1/2 " x 20"{ -

The system w111 accommodate either cut chip film or roll film '

while size adjustment for different formats will be accomplished within o
- two minutes. The film holddown system will not degrade the view through
the objective lens,’ except for .062" wide strips on the sides of the film

necessary for clamp down deals.

When the film is clamped, it will remam ﬂat over the entire
format* with emulsion either up or down. A
Clamp down of the film will be accomplished within 10 seconds

| except where wide, .002 " thick, film is used in which case it may, take i

* The fine focus control is designed to maintain required accuracy so this' B
is not necessgary. -

Il - T13-2
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ZAO seconds. -

3

After the roll film is properly loaded in the film transport

system, the clampin, unclamping, transrjorting and reclamping operations

will be interlocked for automatic operation.

(3

v, Discussion

-1

Clamp-down time of the film must be kept to a minimum to avoid
delay of other stereo comparator functions when in a cooréinate measuring |
mode, A clamp-down time of 3 - 20 seconds, éepending on film format
was found to be adequate for this purpose.

The vacuum clamping system is interfaced with th’é film transport

system by means of an arrangement that prevents any film drive movement

while the film is clamped, thus avoiding the possibility of film tearing.

3

‘The vacuum system will be alternated with a compressed air

system which will keep the film off the platen when not clamped. This

2

air will also serve as a form of platen cooling.

T2

The glass platen itself was originally pla‘nnvéd to be made from

‘'

Pyrex, primafily for its machinability and its heat transfer capabilities.

(1D

However, "Pyre‘x is a poor grade of glass, full of striae ,' hence an alternate
was sought.

The platen Will riow be made from a recently developed,-low

exp'ansion type glass, E—G; This glass has the same good machining

capabilities as Pyrex, and in addition, has good optical quality.

-

III - T13-3
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£
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"‘" o o TASK 14

FILM COOLING

j ' . I. | ~ Introduction
The illumination optics system for the Stereocomparator_wili '

E impart a certain amount of radiant energy to 'the film which in part will
3 . be transformed into heat. Some of this heat will be conducted away

- through the platen glass, and through the film itself.
D ‘ ' ’ However, heat will be generated at such a rate that the natural
EI o conduction will not be adequate to keep the film temperature at a safe

level where distortion will not take place. |
D ' ~ Hence, a forced air cooling.system is contemplated to increase

the rate of heat exchange with the émbient environment in order to main-

—n

tain a permissible heat balance.

S TR

B This report concerns itself with tests conducted atgto obtain STAT|
D _ | the necessary paramgters for efficient film éooling. j
| | |
D II. Sdmmarz |
D | o “An electro~mechanical analog of the illumination optics system.
- was developed which simulatevs.therconditions under which heat is being
D applied to the film at various s‘e.ttings of magnification. o
D A group of aif nozzles, surrounding a wodden model. of the ob- ﬁ

jéctive lens, supplies the cooling .air,

|
|

The entire system is shown in Figure Tl4-1.
|

D ‘A III. . Conclusion
’ : o At this time a final design of the film cooling system cannot be

Inr - Ti4-1

= . o | '
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madeﬂsince the optics design package for the Stereocomparator has not
yvet been completed.

| The principles for film cooling have been Iaid dowh in this report,
and the interfacing shall be done wheri the optics des'ign package will »be—

come available.

IV. Discussion

The test set-up represents thé area in the immediate vicinity of
~th'e\-objective lens. It is here that the forced air film cooling must take |
place. | |

To supply heat to the film, a set of spirally wound heating ele-

ments were made up from .032" diameter Ni-Chrome wire . 7 The diameters

3 D (3 1D (O oD 3 B8 3

. of the heating elements selected are: .035" -- ,100" - .200" -- ;300” -

500" -- .700", where .035" represents the diameter of the light spot on

L.

the fi;m at 200X magnification, while thef.?QO” represents the diameter of
" the light spot on the film at 10X magnification.

The other sizes were-chosen for convéniencv:e.v The platen was -
counterbored, and partially packed with asbestos material to »minimize ’
heat being radiated and cor_;vected away from the film. The heating eleméﬁt
was placed flush with the pylaten surfade to insufe contact with the film.

Power was supplied to the heating elements by means of a 32 VDC

—y 3 (3 3@ (3D

Source. The wiring didagram is shown in Figure T14-2. Multiplication of

voltmeter and ammeter readings gives the watts supplied to the heating

elements, neglecting any line losses.

I3

Even fr.hough several aspects of film cooling. are being investi-

gated, two major criteria form the basis for the tests:

D

I - T14-3 -

I~ D
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~

.
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3 L /)llll

g
e

D o <2 24 yDC Source

Figure T14-2

L

| I - T14-4 . | |
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a) The incidental sound of the cooling air coming from the

nozzles must remain within noise levels acceptable to

3

the operator.

b) The film is allowed to absorb only the amount of heat that »

3 @3

will cause no detectible distortion of the film.

In keeping with criterion a) it was experimentally shown that

-air flows from a 125 psig source of 60, 80, and 160 standard cubic feet

1

per hour (SCFH) would be acceptable.

As far as criterion b) is concerned, no instrumentation was used

3

to measure film distortion. A permanent mark on the film, noticeable with

1

the naked eye, was considered the condition where excessive heat had

been applied. The next lower power se_ttving was the one accepted as per-

-

missible.

All testing done, and described in this report, was pérformed with

.005" thick film.

Table I represents results from tests with the héating coils to
determine the tolerable heat on the film, while Figure T14-3 is a graph

of this data.

|
\ _
} Subsequent tables represent data from tests that were performed

with a heater button purchased_from: MINCO Products, Inc., Part No.

H4A10W28. The heater button diameter of .70" represents. the light spot

diameter on the film at 10X maghification.

1 7

i D

Il -~ T14-5

3
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TABLE L
coL TOLERABLE WATTS @ Cooling Air
DIA, :

(inch) 60 SCFH 80 SCFH 160 SCFH
035 | 3 .3 .3
.100 1.1 1.3 1.6
.200 1.5 2.2 3.0
.300 2.3 | . 2.9 3.8
.500 2.7 ) 3.2 4.3
.700 3.0 3.5 4,8

“TABLE II

: - r - '
Cooling | Toler, Heat Button Temp. Button Temp.
Air Button not Insul. | With Film Without Film

(scrH) | (Watts) (©F (o F) -
60 o8/ | 200 135
80 6.2 o 212 132
160 | 6.7 S 210 .~ 123

fII= T14s7
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TABLE III
. . | Tolerable Heat
Cooling Alr Button Insulated
(SCFH) (Watts)
60 3.2
80 4,6
160 , 5.8
TABLE v
Watts for a 9° F Temp. nge
Cooling Air from Ambient (71° F)
(SCFH) With Film Without Film
60 .018 .14
80 .018 .20
160 .018 .28
RS 1 T14~8§
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@ ‘ TASK 15

B | "OPTICAL SURVEY AND SPECIFICATIONS.

This Task was completed June.25, 1967, and report sent

to you at that time. See report entitled: Survey Report on’Vendor

Facilities and Design Capabilities for Proposed Optical System of

the Ultra High Precision Stereo Comparator.

B | | | Il - Ti15-1
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TASKS 16, 17 and 18
VIEWING OPTICS, VIEWING ILLU MINATIO-N
AND

RETICLE PROJECTOR AND ILLUMINATION

I. Introduction
Completion of the Optical subsystem de'SIgn'effort Is édheduled
for March 15, 1968 iri.“‘a.ccord'ance with the information which was 1mparted
“to the cuetomer durinAéjvthe'November 14, 15, 1967 meéfings. |

11. Summary

Subsequent to the November 1967 progress meeting, the Optical o

subcontractor has submitted his progress reports numbered 4 (November)

and 5 (December) . These reports were submitted by in lieu of the

December progress report. All subsequent indications from the Optical

subcontractor are that the March 15, 1968 date will be met.

. Conclusion .

No further progress information has been received as of this

- date. - A trip report covering the last visit by personnel to the

‘subcontractor which was made the Week of Ianua‘ry 15,1968 is attached

as Appendix T16,17,18-A.

II - T16, 17, 18-1
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. TASK 20

- PLATEN ILLUMINATION

1

Introduction

" The Stereo Comparator is equipped with general platen illumina-

tion to allow for viewing the entire platen area. The platen is arranged

o "

. for automatic moeving to a viewing position adjacent te the operator.

II. Summary

- The solutien adopted has been to place the cold cathode tube

into a shielded enclesure. This was accomplished by using a "SEE AND

3

SHIELD/PANEL" EMC-GLASS manufactured by Technical Wire Products, Inc.

-]

- Technit.

3

IlI. Conelusion

0

An illumination system has been designed which is variable over

1D

the range of 650 to 2300 foot lamberts. This illuminator has been provided

with an RFI attenuation system.

1V, Discussion
The EMC-GLASS is a specially treated non-polarized knitted wire

mesh shielding méteriai laminated in a plate glass (or plexiglass) to give

optimum shielding effectiveness, yet permitting clear visibility with little

distort;on or obstructien.

El B o I - T20-1
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‘ The tube being completely enclosed, the two wires connecting
the tﬁbe to the H.V. transformer go through a plug located at the bottom
side of the enclosure. The cable itself, going tov the HV transformer is
shielded, and so is the transformer which will be located at the rear of

the machine. Sketch T20-1 illustrates the final assembly.

-

oA

Il - T20-2
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TASK 21

OPTICAL BRIDGE AND SUPPORTS

I. Introduct on

The optical bridge provides stable mounting surfaces for the

(1(2)

P 8

viéwing optical train including the reticle projector

II. Summary

(3)

The optical bridge is ba sic.:'ally three separate .structures'”’,

separated by regions of collimated light so that any shift of the systefn

will be absorbed in this collimated region. The central optical bridge

(4)

, and supports

(5)

the eyepiece and switching assembly'”’, the left and right relay system ,

(5) (6)

the left and right anamorphic unit'”/, and the left and right image dissector ’

is supported on the vertical section of the main frame

(5)

and brightness control.

The two other optical bridge structures are the left and right '
optical bridges supported by the base granite. Each one houses the same 3

’equipment,' one for left side and one for right side. The optical equipment

supported by the left and right optical bridges is the 10 to 1 zoom -system(xﬁ),
D _ the reticle projector including lamp and (cooling(?), and the doub;g objeétivev
svystém(s) .

The optical bridge structures are fine grain cast iron stress

relieved;priér to rough rria‘chining and stress relieved again prior to final _

miachining to minimize any structural shifting.

(3

3

1 - T21-1

33
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1. ¢ Conclusions

The optical bridge as designed registers and supports the
optical train in a manner acceptable to the fuﬁctional purpose of the

Stereo Comparator.

I11 - T21-2
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3D

TASK 22

INTERFEROMETER ASSEMBLY

1 -3

Introduction

o

The principle use of the interferometer system is to determine the

"X" and "Y" coordinates of the measuring stages carrying the film platens.

3

1I. Summary

-

The interferometer system is comprised of the following elements:

2

A. A laser source of spatially and temporally coherent mono-

chromatic light.

u__ .,J

B. A system of beam splitters and mirrors arranged to create inter-

ference bands or ffinges .
C. Electronic circuitry for sensing the position of the fringes.
The basic standard of measurement used in the interferometer

system is the wavelength of a single mode frequency-stabilized Helium-

Neon laser. Under constant temperature and atmospheric pressure con-
ditions, this wave length can be predicted to an extremely high degree
of accuracy and thus forms a linear measurement device.

The interferometer assembly is arranged to produce counting

signals for each quarter wavelength of movement of the stage (which equals

0.158 microh) . The laser system selected for use in the Stereocomparator

is the Model'#SBOQ frequency-stabilized laser, manufactured by Perkin-
(1)

Elmer Corporation

. Our experience with this unit over the past several

-

111 -T22-1
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‘ months indicates that the reliability and stability of the system ar'e
' very good.

-The servo lock feature of the laser provides excellent control

“E
would drift out of resonance due to temperature changes when the servo
lock was turned off, thereby necessitating re-tuning of the laser cavity.

With the servo lock switched into the system, however, it was found

| that the laser, when once adjusted to the propér null position,would

E v over the output wave length and amplitude. It was found that the system
D " maintain its adjustment indefinitely. For this reéson, we are requiring

that the servo lock feature be included in the equipment purchased for

the machine.

-

The collimating telescope which is.used to increase the laser

: D . ' beam size from the nominal lmm diameter to the 6mm d}ilvameter required
E By our interferometer system is manufactured by Spectfa Physics. If was
found fhat this particular teleséope provided excellent control of beam
: E ' : diiameter and collimation, However,_ due to the exfremely short foca1>
| E length of the lenses used in the telescope, it was necéssary to provide
| én adjustable adaptor ring to allow the telescope to ha;'é‘ its optical center ‘
;‘ E] _ line aligned with the center line of the laser beam in order to ensure that
| E ' ~ the exit beam would "Iie parallel to the axis of the laser.
w ; | v _ 'i‘he beam splij:ter' and mirror system for the measuring equipment
D is divided into three mechanical assemblies. A beam "splitter assembly
} E! | pléced directly in front of the collimating telescope divides the laser
| _ _ _ .

beam into two orthogohal'paths so that a single laser may be utilized »

. - A 111 - T22-2
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D - 'as the light source for both the "X" and "Y" axes of a single e asuring

E] . engine. Thus, total requirement for the machine is for two of the laser

assemblies.

r_1

Mechanical adjustments on this beam splitter, combined with

mechanical positioning arrangement for the laser itself, allow the exit

r-3

beams to be placed parallel to the top surface of the granite and sub-

stantially at right angles to one another.

D0 3

The second major element in the measuring system is the
~ interferometer assembly itself. This consists of a beam splitter and a

- fixed mirror contained in a mechanical configuration which permits adjust-

ment of each of the se devices in all three axes of tilt. The beam splitter ,

1

and mirror must both possess an extremely high degre,_:_c_-:‘ of flatfxess in
| order to have the interference fringes be reasbnably straight and uniform.,
The third ma-jdr element is a mirror mounted‘u‘pon th_e' stage which
is placed in such a way as to reflect the beam from t}_ie interferometer -
back to the interferometer. This mirror must possess an extremely high
:degree of flatness Vbe‘cause . deviations from flatness on the part of
the mirror mé'y eithér“cause phase shifts in the light beam which would
- confuse the counting circuitry or cause the axes of thév measuriné engine
| to be distorted. Ex&inination of the principles of this. System shows that
.the “X" and "Y" axes of the engine are precisely those of the reflecting

surface of these mirrors mounted on the stage, and it is therefore impera-

_ tive that the mirrors be.flat.

. i*‘n iﬁ« - D

D S | | I - T22-3
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The electronic circuitry in the interferometer consists: of two

R photo-sensitive field-effect transistors which receive light from the

'fringes and develop corresponding electrical signals., In order to raise

3

- -these signal outputs to a level which is high enough to avoid noise

'problems when transmitting the signals over the cables leading to the

/A

' electronic racks, we have incorporated pre-amplifying circuitry. The

drift of the electronic circuitry must be extremely low in order to prevent

/S I T )

"an-accumulation of measuring errors over an extended period of time.

Drift in solid state circuitry is caused primarily by temperature variations,

and even though the environment of the circuitry will be highly controlled,

it was deemed necessary to utilize fairly sophisticated techniques in order

r—a

" toarrive at circuitry which would be 1argely insensitive to temperature

changes. It was found possible to design the preamplifier in such a way

ra

.50 as to provide a zero temperature coefficient over a rather large area of

‘ " temperatures %)
i
D III.  Discussion . L

The success of the techniques used have been proven in the

breadboard experiments on the measuring engine, and it can be said that

_temperature instability of the electronic circuitry contained in the interfer-

>’ometer pick up head is virtually non-existent. The other two considerations

for the electronic circuitry in the interferometer are bandwidth and signal—tb-

‘noise ratio. For the circuit configuration used, it was found experimentally

that the bandwidth of the counting electronic circuitry'exceeds the require-

ments imposed on this machine by a factor of three, and signal-to-noise

111 - T22-4
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ratios on the order of 20 to 40 db are attained. These values are more
than adequate for the digitizing circuitry which the interferometer drives(a)
'Adjustment of the interferometer system to provide proper signals
is a comparatively simble proceduré, aithough certain important factors
must be taken into account. - The use of the Twyman-Green interferometer
configuration normall? causes the beam to return to the light source. This
is not permissible with the use of a laser for two reasons. The firs;c of
these is that the energy coupled into the laser cavity from the return beam
can upset the frequency stability of the laser due to thefact that the return
beam contains interference fringe information which may reinforce or cancel
the electro-lmagnetic oscillation occurring in the laser cavity. It was
noticed during our experiments that if the return beam were accidentally
allbwed to enter the cavity, very erratic output fluctuations occurred in
the laser. The second reason is tﬁat a photocell is mounted on the end
of the laser cavity which is opposite to the exit beam end. This photo- -
cell is used to provide a feedback signal for the servo lock circuitry and -
it is found that if the interferometer return beams strike this photocell,
the servo lock becomes extremely unstable and may, in some cases,
extinguish the light output of the laser altogether. For the above reésons,
it is necessary té distort the optical paths ofl the interferometer system
so that the return beam does not enter the laser cavity. It waé found
that if the return beam is positioned just adjacent to the exit beam of

the laser that the small geometrical distortion thereby introduced caused

no significant problems or measuring errors.

I1I - T22-5
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@ e . The secon.d. consideration that must be taken into account in
E the a&_justment syst.ér.n is proper colli.fnation.of the beam from the laser.

It was found that if i:he beamrbecomes either convergeht or divergent that
E .‘ due to the presence"' of single~ended input circuitry to the electronics'i
E (electronics are sensitive to the absolute value of the light level), aé ‘

the stage was moved ‘closer or farther away, the brightness level changed |
G : éccordingly, and DC shifts are produced in the elect@ﬁic circuitry which
E _ : can, if severe enough, cause the sysfem to mdze co;giﬁletely out of its

: operating range. Proper collimation eliminates this pﬁ_oblem.
E The third consideration is the mechanical alignment of the
E - moveable mirror on the stage with respect to the interferometer pickup

head. It was found "thai if the mirror is not positioned rather precisely

(I

perpendicular to the axes of the measuring beam, as the stage is moved,
the return beam tends to shift its position in the interferometer. This "

effect, if severe enough, can cause the fringes to disappear altogether.

A relatively simple alignment procedure was adopté‘"ﬁ during our

_ékperiments which consisted of aligning the long axis mirror of the

measuring engine closely perpendicular to the long axis interferometer

by means of.a Mahr gage (since the long axis has the _.:_l_ongest path range E
D ) -and is therefgre thé most critical), and then usiﬁg an';a'uto-collirhator »

to. set the short axis:v.._r_nirrorl at closely right angles ‘to"‘che long axis mirror. ..
This adjustment proé’éjdxire was found to produce .satisfactory alignmeht. B

for both axes of the 'stage gimultaneously over the entire operating rangé -

of the measuring engine. '

(—

E L 11 -T22-6
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IV.  Conclusions

The interferomefer measuring syStem as presently designed
has shown 1t§elf to be a highly accurate and reliable means of linear
movement. Generous safety margins with respect to cou'ntiﬁg speed,

signal-to-noise fatlo, and thermal stability have been incorporated
in order to guarantee maximum céunting accuracy and reliability.
Our experiments_ have shown that under ideal environmental con-
ditions the largest error present is below the required threshold for
‘ satisfactory Stereocomparator performance. We are thus satisﬁed
that the present system design willl be entirely satisfactory as a

m'easuring arrangement for the Stereocomparator.,

I - T22-7
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TASK 23
OPTICS DRIVE SYSTEM

I, Introduction

The Stereo Comparator contains a great number of optical
elements, all of which must be simultaneously adjusted to provi.de proper -
stereo fusion, to inject the floating reticle spots properly into the optical
path, and to provide the correct illumination levels re'quiréd by the image
analysis system and the operator., The optics drive system éonsists of
the various electrical and mechanical components required to adjust the

optical elements to produce these desired functions,

II. i Summary

In order to accomplish the above objectives, it is necessary to

* provide three distinct types of optical control system, and these are as

follows:

A. Elements which are directly controllable by the computer-

from information derived from the non-real time program computations

and from the correction factors supplied by the image analysis system, or

from operator controls,

| B. Those elements which are controlled by other opiical elements

in the system, such as the reticle projector system and components for main

~illumination source.

C. Elements which are subject to operator control, but are not

dependent upon the operation of other elements in the system, such as the

IIT -T2 3f1
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reticle size and brightness controls and the objective changeover syetems’.fi

D o T In addition to the above components, it is necessary to inclua.e, "
E circuitry to geherate signals which inform the computer of the status .of'
I certain of the optical elements in order to coordinate the motions of ‘tﬁé
D . o dp‘tical elements in such a way that the computer does not try to fight o
E operator adjustments or produce incorrect measurement readinge due to
objective lenses having been moved between measurements. A further _
i E _ function of the control system is the prevention of damage to the film due
D to excessively high light levels, It is necessary to compute correctxon |
signals based on the zoom settings and film densny Wthh ‘will adjust tbe'
B light level in the system to a safe value. These functions are all accom-
| D plished automatically in the Stereo Comparator so thatvthe operator need- :-
not be concerned with these auxiliary functions. o
D - ,
| E SR Optical System Components
The drive components for most of the optical systems include the follow-' '
D : ing items: | | |
: D : | (1) Small (1" diameter) motors which contain as an integai
i part of thevassembly DC tachometer generators and planetary?ga%_' re--
D duction- trains. |
E ' ' o .(2) High precision multiple-cup potentiometers for feedback,
| l | gain adjustment, and follow-up to maintain constant resolution and aocuracy
’ D . of the system. -
@ E . (3) 35 watt, 12 \rolt amplifiers designed and packaged by SSTAT
L
[:I : o , _ _ _ I - T23-2
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E_ .3

spécially for the purpose of driving these systems(l) .

[ |

(4) Limit relay assemblies which provide overtra_vel protection

on systems wh ich have mécha_nical travel limits, 2 two-stop system
‘is used. As one of the mechanisms approaches it: limit of travel, the
first limit switch contacting causes a STOP command to be issued to
the servo amplifier, which causes the system to come to a stop with
maximum deceleration. The circuitry is arranged so that the mechanism

can be backed away from this stop, but further travel in the direction of

the limit is not permitted. The second limit is used onﬁly in the event

of component failure and it activates relay circuits which virtually dis-

connect the motor from the drive circuitry, and it is rie‘Cressary therefore
to manually back the mechanism away from this limit in the event the
limit is ever reached. Under normal operating conditions, however,

this will not occur.

(5) Analog control unit assemblies which perform various

scaling and offset functions by means of operational amplifiers, and

comprise the electronic circuitry which handles the inter-relationship

-

—a

of elements between the various optical systems. In addition, the
relay control circuitry which aCcomplishes changéover-of t.vhe oplerator

controls for reverse stereo operation and the relay control circuitry wh ich

places the computer-controlled elements in either the manual or auto~

matic modes of operation is located within this unit. The auxiliary

control signals wh ich are sent to the computer are generated within this

D

assembly as well,

3

I - T23-3
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(6) A relay control unit which suppliesl power to the v‘arious>
motor systems that are not amplifier—driven and wnich contain the
circuitry neces sary to perform the lens changeover functions.

(7) A multiplexed A/D- D/A converter to prov1de interface
(2) ’

with the computer.

111, Conclusions

The use of both digital and analog position feedback loops
for the opties servomechanisms provides rapid and accurate control of
both the optical elements used to produce the stereo model and also
the auxiliary control functions used to produce uniform reticle charac-
teristics and lighting control. The basic assucracy of the system is:

(a) for angular servo elements, + 1°

(b) for lineer servo elements, *+ 0.5%

.Sufficient servo bandwidth is provided tb'prbduce stereo
fusion under dynamic conditions‘ as well. In addition, every con-

sideration has been given to operator eye comfort and safety.

111 - T23-4
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IV. Discussion

Optical Systems which are Computer-Controlléd
There are four optical assemblies in each optics train which can
be directly controlléd by the computer in order tp‘,pr‘bduce stereo fusion.
These are the viewing zoom system, the anamdr’pb stretch ratio system,
the anamorph axis rotator, and the image rotator. Construction of the ,
elements in these four systems are all substantially the same, although
certain differences are required to take into account the fact thalt the .
rotation elements have a continuous range, whgreas the linear elements
(zoom and anamorph stretch ratio) have limited ranges of operatiqn. A
typical system of ;his type consists of a rather high-stiffness rate loop
contained within an analog position-feedback loop.” Feedback for tie
 position loop is de;ived from h_igh-precis ion potentiometers located in
" the op’ﬂc,al mecﬁa‘nical assembly. Rate féedbéck is derived Vfrom-a
tachometer mounted directly in the motor housir;;f;. This analog position
loop lies in turn within a digital position loop which adds the effects of the |
combuter tracking siénals and image aﬁ‘alysis correction signals. Inter-
face to the digital equipment is provided by a multiplexed D/A - A/D con-
verter which also contains sample-and-hold circuité to supply the error signal
during the periods between successive computer outb’ut cycles. The cofnputer
scans the optical trains at a rate of 30 scans per second by successively |
.addressmg analog switching circuitry in the D/A - A/D converter. When
the computer has addressed a given system, it proceeds to issue a command

to the A/D converter which was connected to the analog feedback information _.

I -T23-5
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i
D at the time the particular system was addresséd by the compu;ter. Upon
, completion of the analog-to-digital -cbnver.sion, the A/D converter sig= -
E nals the combuter to indicate completion of this operation. The computer
E _ -then reads the setting of the optical element in digital form and g9neratés
s ' a command position based on the tracking information derived in the non-
@ | real time program and the correlator correction signal. The computed out-
Ei " put position i routed to the D/A portion of the A/D - D/A converter and |
Q the computer simultaneously addressed the optical system for which the
signal is intended. This addressing operation éates an analog switch which
E " allows the analog voltage produced by the D/A converter té be gated into
E o ' '_ a sample-and-hold circuit connected to the input of the desired servo
l system. On succeeding scans, the computer does not sample the analog
E , feedbéck circuitry, but merely computes a predicted position based on the
D | o tracking information derived from t‘he non-r‘eai ‘time program. The correlator
error signal is also applied at e;\/ery scan to pi_ovide a rather tight feedback
E A iOOp éround the entire optical train, and a mathema‘tical analysis of the
E‘ ehtire ¢computing operation shows that thettracking parameters éppear in
{ the sy.s tem only as inputs, whereas the correlator error signals appear
[] as a digital integrated feedback signal. The cbnsequences of this scheme
E on the operation of the system are that the tracking information is used
during abrupt motions of the stage and optical elements, and the correlator
E feedback signals are lised to drive the opti-cél systems very ac‘curétely to
E null to reduce steady-state error of the system to acceptable limits.
D __Elemenfs Controlled by Other Optical Eléements in the System
D | The settings of some of the optical elements.j in the Stereocomparator .
i D 01 -T23-6
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are determined by the settings of other portions of the optical train.

These include the reticle zoom system, the illumination system, the

!

reticle anamorph ratio system, the reticle image rotator system and

, the illumination brightness control system. "

In order for the floating reticle. dot to appear round at the,eye

pieces after going through the main viewing optics, it is necessary to

~provide control over the reticle size and shape so that the image of the

reticle dot is passed through optical elements whose transfer functions
are complementary to the settings of the optical elemeﬁts in the main
viewng path, This is accomplished through the use of optical servo-
mechanisms, containing elements very similar to those_ located in the

main viewing path, controlled by the main viewing elements. The main

'view'ing zoom system contains a potentiometer which provides a follow-
- up signal used to drive both the reticle and illumination zoom systems.

Amplifiers fed by this follow-up pot adjust scale factors and offséts to

provide signals to servo amplifiers; these amplifiers drive the reticle and
illumination zooms so that the projected reticle size remains constant at

the_ eyepiece, and the illuminated area on the film encompasses just the

- field of view of the main viewing optics. Similarly, a follow-up pot in

the main viewing anamorph ratio system provides a signal which is

proportioned by an amplifier to cause the reticle anamorph system to

- pass the reticle spot through an optical transfer furi'ct‘tqn compilémentary

to that of the main anamorph viewing element. The continuous-rotation capa=~

bilities,_of the main anamorph axis rotation system presents some problem in

111—T23—'7
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1]

providing a follow-up function for the reticle image rotator system, In

C 0

order to allow the reticle image rotator to continuously follow the

anamorph rotator system (which has unlimited rotation capabilities) it is
necessary to use a two-phase command system for the reticle image rotator.
The analog position potentiometers located on the main anamorph rotator
each have a "dead zone" and these two "dead zone" areas occur at angles
displaced by 1800. It is therefore not possible to utilize only one follow-

i

up potentiometer to drive the reticle image rotator, and both of the anamorph

rotator pots are utilized. Two amplifiers process the potentiometer signals

separately., The reticle image rotator system contains a four cup commuta-

3

tion and feedback potentiometer assembly which provides not only the

3

position feedback signals for the reticle image rotator loop but also decides

which of the two error signals the system will obey, The net result of this B

arrangement is that the reticle image rotator can continuously follow the

D

angle of the anamorph rotator to adjust the complementary axis of the

reticle system at the same angle as the stretch axis of the main viewing

' system. Thus a réund reticle spot is always obtained at the eyepiece.

3

It is not nécessary to include a field rotator in the reticle system because

of the circular shape of the reticle spot itself.

An automatic control system has been incorporated in the Stereocomparator . ...

which maintains the average {llumination level to the eyepiece and to the

(/

image dissector tubé of the image analysis system at a substantially con-
stant level. This constant brightness level is required in order to assure

uniform performance of the correlation circuitry regardless of film density,

and to allow the operator to maintain the réquired light level necessary to

Il - T23-8
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distinguish small density differences even at high film densities, The

I'sa L3 1 8 1.0

illumination level applied to the film is controlled by means of variable-

density filter wheels placed in front of the ma indgHuamination source, and

1

control for the position of these variable elements is derived by means of

i3

a photomultiplier pickup assembly located in the optical bridge near the

image dissector assembly. Since the optical iniage supplied to the

[

photomultiplier tube has passed through the entire optical train it can be

(I

seen that the correction signal derived from the photomultiplier takes

intc accouit the settings of all of the main viewing optical elements. The .

system is adjusted so that the sum of the film derisity and filter wheel den-

sity remains constant and thereby produces a:uniform illumination level

for all conditions of film der sities.

I

-

In order to maintain an acceptable light level at the eye pieces and image

"~ dissector tubes under all conditions of magnification for the optical train,

[

it has been necessary to incorporate a variable illuminated area arrangement

.

in the Stereo Comparator, As the magnification of the system is increased,

the field of view decreases ﬁ)boportipnately, and in order to maintain a

e |

reasonable constant light level at the eye piece, it is necessary to vary

3

the illuminated area on the film in such a fashion as to just encompass the

r'ﬁ field of view covered by the main viewing system. As magnification of the
i -

: viewing system increases (with corresponding decreases in field or view},
]._: it can be seen that the light from the main illumination source is concen-
""' trated on a smaller and smaller area. The heat absorbed by the film from
- :

-

a
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the illumination source is a function of film density, and under the simultan-

eous conditions of high magnification and high film density, it is possible-

3

to have enough energy absorbed by the film in a small area to cause localized

E heating and even distructiori of the film. In order to prevent this, additional

ﬂ control circuitry has been incorporated in the illumination brightness system

; which samples the zoom setting of the system and the posi'tionbof the vairable
't:.] density illumination element (thereby deriving an indi-catién of the film density),

-0

and computes a non-linear function which is applied to the illumination bright-

ness system. Thus if the operator adjusts the zoom, and the photo cell system

g1

attempts to adjust the brightness cor{trol to dangerous operating point, this -

computing circuitry produces an override signal which prevents the illumination

level from rising to a point which would damage the film.

D

ﬂ An additional condi‘tvio'n can occur which miéht be uncomfortable ér'damagir;g_
‘7=' to the operator's eyes. This condition occurs when scanning a film of high |
b! density which has much léwer density areas adjacerif to the high density

F’\ areas. Such a film might be one in which a picture is taken of the ocean

; at night with a moonlit cloud cover appe"aringfin areas of the picture. If the
= operator had the syétem adjusted for the very dark-appearing ocean and suddrevn—
@ ly scanned into the cloud-covered area, he would experience an extremely )
- large increase in brightness (monentarily) until the illumination brighvtness'.,:i
E control system had a chance to reduce ‘the light level applied to the film. -
F In order to prevent possible eye damage 7or temporary blinding of the operatci)r:,di
- we have incorporated a high speed shutter system which is controlled by the
L=' ) photomultiplier pickup head circuitry. If the light level increases suddenly
& . -
m _

L] 111 T23-10
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S by more than 50%, a signal is produced which activates a shutter within

=3 .00l second to block the light from the operator's eye uhtii the servo has:
Z reduced the light level to a safe value,

]

? Auxiliary Control Functions

: Certain of the optical elements in this system are subject to arbitrary

;.‘ settings by the operator. These elements include the reticle size control,
- the reticle brightness control, objective lens focus controls, and objective
: changeover controls. These elements are not actually part of any servo

.:, loop in the systemvand-are'there’fore driven :by relatively simple two-speed
QE bi-directional relay control circuits. A relay control unit has been incor-
: | ppréted into this system which allows the ‘operator to arbitrariiy adjust

- any of these mechanisms.

e |

- o ,
. The objective changeover is an automatic device which causes the illum-
.:j . ination system to change range simultaneously with the change of objective
"31 lens. Control of this function is supplied by lighted pushbﬁtt_on switches
: located in the console keyboard assembly. In addition to performing the

:.! actual changeover operations, the circuitry in the changeover system

n _ supplies certain signals to other portions of the Stereocomparator system,
Z An interlock signal is supplied to the computer which indicates that the

- objective has been chan;ged; and the computer will require new orientation   :'
= measurements due to the fact that changing the objectives shifts the optical
: ~exis of the system slightly, thereby possibly invalidating previous measure- |
- ments.

= | 111 - T23~11

[}

,__7,: Declassified in Part - Sanitized Copy Approved for Release 2012/08/24 : CIA-RDP79B00873A001400010011-7



g1

Declassified in Part - Sanitized Copy Approved for Release 2012/08/24 : CIA-RDP79B00873A001400010011-7

M

"::,

m The change'over circuitry also supplies range signals to the illumination

= brightness control system so that the operating pbint fo the film burn-

D i - prevention circuitry is adjusted to take into account the selection of the

D - objective lenses. Additional circuitry caﬁses the feedback signal from

i vthe photocell pick up heads to be disconnected from the illumination

D brightness control assemblies during the actual period of objective change-
E . over. If this circuitry were not present, the fluctuation of light level dur-
] ing the actual changeover operétion would cause the illumination bright=-

E ness system to run to unpredictable light levels, and when the objective

D lens s{Nung into the viewing path possibly dangerous light levels would

= . be present. As 'the system is presently arranged, whenever the objective
Q changedver system begins to move, the illumination system is | commanded
D to run toward a minifnum light level condition until the objective changeover
. operation is completed at which time the brightness control system comes
i

C ’ back into operation in the normal manner.

D , - Il - T23-12
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TASKS 24 and 25

SCANNING DEVICE and CORRELATION LOGIC

I. Introduction

The above two tasks were originally defined separately since

it was thought that Task 24 would serve two functions (see below), only

one of which was related to Task 25. It turned out, howeVer, that the
secoﬁd function was not needed, and Tasks 24 and 25 were in fact two
parts of‘ the design of one system - The Image Analysis System. For
this reason, the two tésks will here be described aé one,

In the work statement prepared prior to the final contract negotia-

. ¢
tions Tasks 24 and 25 were described separately as follows:

Task 24 - Scanning Device - The requirements for scanning

‘needs (video pickup devices) are two-fold. The primary requirement is

as a source of video for the image analysis. (correlation) systenis. The
secondary requirement is as an inpuf to the closed circuit TV monitor
system. The optical pickup point is just ahead of the éyepiece; hence
the image scanned is essentially that seen by the operator.

The resolution should be as high as practical, consistent with

the scanning rate used. Scanning rate should be at least 60 frames per

. second as a goal with consideration given to the practicality of 120 frames
- per second. The video bandwidth should match the space frequencies of

'1' ‘the optical image (estimated at 100 to 40,000 elements in the field of view).

111 - T24,25-1
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I-_

- Based upon the above, the type of photo pickup device will be
r determined {i.e., vidicon or image dissector), and the design of the

-

- device (if image dissector) and/or specifications will be defined. Then
|

.

camera design can proceed (two pickup tubes for each camera), based
upon the factors described. The task shall include signal tﬁrough video

.amplifier outout, ready for correlation inputs. /Note that one complate
scanning device is required for each opticalntrain.

Task 25 - Correlation Logic - Electronic correlation logic is

‘o B e B |

to be developed which will, as a design goal, implement the concepts

of an image analysis system. Video signals from the scanning system

will be used as input. OQutput will be two arialog signals which are

I3

approximately proportional to the X and Y axis linear displacements of

. |

.. one image with respect to the other. Bandwidth and signal to noise

ratio should be adequate for image displacements ranging from 1/2% to

10% of the dianeter of the scanned image.

=T

1I. summary

During the final contract negotiations the work statement for

ra

Task 25 was, in effect, enlarged to include the possibility of a 6 signal

Image Analysis System as an alternate to the 2 signal system described.

U |

It was agreed that the contract price was based on the design of a 2 analog

3

output signal image analysis system. It was also agreed that would STAT

D explore the worth of a 6 output signal system and that, should such an

enlarged system prove desirable, there would be grounds for an

III - T24,25-2
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increase-of-scope negotiation. As will be described, the relative
advantages of the 2 signal versus the 6 siq.jxaa]. version were subsequently
explofed. The final outcome was the design (via a subcontract) of the

6 signal version, and it is this design which is being delivered at the
conclusion of the contract. No negotiation for increasé~of—scope has

taken place, however.

A little before the time of the final contract negotiation, S

- received an unsolicited proposal from- thg to undertake

a subcontract for design of an "Image Régistration System". The proposal
included the servo systems for the stages and for the optics, as well as

the scanner-correlator portions which later were called the "Tmage Analysis

System', analyzed this proposal and determined that it contained

serious weaknesses in the methods used to obtain the servo signals.

The latter involved what were effectively analog computer circuits which
provided insufficient separation between thé six different axes and which
required an organization of correlation with poor signal-to-noise ratios.

Edevised a means(l) for using a digital computer to replace

the analog computing circuits in the proposal. The greater computa-
tional power of the digital computer meant much greater separation of the’
six axes, to the point that cross coupling is practically negligible. Tt
also allowed a different scheme for organizing the various types of
correlation which resulted in higher signal*to—noise ratio.

(2)

A specification was written for an Image Analysis System,

" This specification clearly defined two alternates, a two-signal version and

I - T24,25-3
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a six-signal version. It was written in such a way that quite

probably could:desigh a system meeting all of

thé requil;ements. It was also writtéri*'i'n'a way which it was
hoped would encéurage_ competitive bidding by other companies,
at -‘le‘ast the two-signal version if not the six-gsignal system.
Thié specification was sent to thirty companies with an RFP
based on an anticipatvé-df contract with four months duration.

Although a number of companies indicated a capability

to design at least the two-signal system, only

replied with a responsive proposal. The other companies all
considered four months to be insufficient time in which to exccute

a design meeting the requirements of the specification. S

submitted a proposal offering to deliver a design for

the six-signal version within the four-month period but stating that

a substantial part of this design would remain propric:taryz’

sequently granted them a subcontract. The subcontract called for

After clearing with the Government that would

withhold rights to the alleged proprietary portions of their proposed

‘design, held a negotiation with the land sub-

-

delivery of a six-signal Image Analysis System designed according

(3)

to a slightly revised version of the specifications referred to

above, and attempted to spell out which portions would remain

proprietary |

IIT1 -T24,25-4
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IT. Conclusion
With]  |monitoring, Itek performed satisfactorily - STAT
on the subcontract and delivercd the completed design"according

(4)™

to schedule. Items delivered included a Final Report'™’, interface

drawings, and manufacturing specification drawings. Because of

pn B B B s B e . |

the proprietary reservations, the drawings are not sufficient for

I

manufacturing by anyone except but this situation = STAT

had been cleared in advance with appropriate representatives of

the Government.

During the time span in which'all of the above occurred,
several decisions were made regarding alternative possibilities

which had been stated in the work statement.

1, It was found thét the closed circuit TV monitor would

be useful for only one purpose - point finding in connection with

3

the recall operation.gand Government technical moniters STAT
together worked out a different scheme for point finding and recall,

thus entirel& éliminating the need for a TV monitor. As a result,

1 3B

the dual camera units described for Task 24 could now be simplified
to camera units .satiéfying onlypthe requirements of the Image

Analysis System.

s 11

2. Although Task 24 was written to allow the possibility

I

that the camera tubes used might be vidicons, it was already
felt that Image Dissector tubes would probably be required. Further

analysis confirmed the requirement, and the specifications for the

*The following reports are included as appendices to this : STAT
report: "Operating Instructions for the Image Analysis System",

Appendix T24-A, and "Breadboard Tests and Components of the

Image Analysis System", Appendix T24-B,

111 - T24,25-5
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Image Analysis Systém firmly called for Image Dissector Tubes. - STAT .

subsequent pro;josal stated thatghad .reached the same conclusion ' STAT
as a result of their experiments., .

3. As has been stated, the decision to use a six signal
correlator was made partly by default, i._cp , 1O one bid on designing a
two signal correlator. It should be noted, however, that during the time
span in which the I.A.S. spocidications were prepared and bid obtained,
a related, though separate, act'ivity was also going on. This Wa_s analysis
and testing of the computer program (Task 43). Iy the time biis were -
received for the I.A.S., it had becen pretty well determined that the
computer program was capable of muking the extra computations required
for a six signal correlator in the time available for such computation. ad
this not been the case, then the original scheme with a twé s’ignal- corre-

lator would have been the only practical onc.

-

111 - T24,25-6
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TASK 26

DIGITIZING LOGIC SUB ASSEMBLY

Introduction

The digitizing logic consists of analog amplifier circuitry

OB w0

and digital circuitry which transform the sinusoidal outputs of the

interferometer preamplifier circuits into direction-sensitive pulses used

to drive the various counting circuits in the Stereo Comparator.

1l. Summary and Discussion

8 3

The analog circuitry consists of operational amplifiers which

raise the level of the interferometer signals and allows adjustment of the

(1)

These

i

DC level of these signals as well as frequency compensation.

amplified analog outpu’ts are then routed to the digitizing circuitry which

(2)

makes the conversion into pulses.

In order to facilitate adjustment of the interferometer assembly,

i

additional circuitry has been included which will aid maintenance personnel

in performing the required electromechanical adjustments. This circuitry

includes a symmetry-indicating circuit which allows the DC level of the

interferometer to be adjusted so as to provide symmetrical square wave

outputs from the “chmitt triggers, and a digital phase meter which shows

the phase relationship between the two interferometer channels.

These various test circuits are routed to a switchable galvanometer

located on the digitizing logic chassis front panel, and in all cases, a

center-scale reading indicates that proper operating conditions have been

111 - T26-1
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[

attained. The digitizing logic assembly also.contains the power supplies

(I

~which provide the operating voltages for the interferometers themselves.

I |

This power supply circuitry is highly filtered and shielded against RF

Cx

interference in order to prevent the possibility of interference disturbances

causing false counts in the system.(B)

ITI. Conclusion

=

Our breadboard testing of this equipment indicated that it

provides a convenient means for adjustment of the various parameters

within the interferometer counting system, and provides extremely

3

reliable measurement of the positions of the measuring engine stages,

r'e =

=

Iz

II1 - T26~2
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TASK 27

METRIC READOUT

I. Introduction

Mensuration techniques and' programs are well developed, and
are based upon the international "standard meter" as the common unit
of length. All measurements are referred back to the "standard" which
is a very well known and well defined quantity, accepted throughout the
entire world. Historically, the meter was defined as one ten millionth
(1 0_7) of the distance from pole to the eqﬂator of the earth, Later it
was redéﬁned slightly as the distance between two lines sc‘ribed.on a
platinum bar, | ’

Now we are _measuring distances in terms of the wavelength of )
light -~ specifically the red line at approximately 6328 Angstrons - the
liné for Helium Neon. The relationship to the standard meter is well
known and defined, but very awkward to work with. A quarter wave-
length is approximately 0. 1582049575 microns in length, _(A micron being

one millionth of the meter.)

II. Summary

In order to circumvent the nuisance of odd numbers and to get

- everyone back in step with the metric system, Ehad proposed,

designed, built and tested a proprietary Metric Readout System. This
system is essentially an electronic converter, taking quarter wave-

length counts (0.158204 microns) from a spécifically designed inter-

‘ ferometer, and accumulating equivalent 0.1 micron counts,

111 -T27-1
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I1I. . ‘_Discussion

While it is true that the ratio between the quarter wave length
Qf the laser light used, and 0.1 micron is not an integral number, it is a
n-umber with & ratio very close to 8 to 5. This fact is used to build a

simple systematic converter. The trick is in correcting the accumulating

metric number from time to time as outlined in the disclosure S-‘FAT
M STAT

With corrections performed according to the disclosure, no metric
number will ever be more than 0.25 microns from its real value, and will -~

normally be less tharn 0.] microns from its actual value,

The ratio of 8: Svrésults in @ number between the integers 1 and 2.
If one were to count quarter wave lengths, and assign the value of 1 or 2

to each quarter wave length increment in a given manner, a table could

be constructed which would give a metric equivalent for each and every

(2)

quarter wave length position. Indeed, this is the way the Metric i

-l

Readout works.

Rt

The scheme is physically implemented by means of two counters,

one counting the quarter wave length increments in integral fashion. The

second counter, the Metric Counter, accumulates counts at an input of
1 or 2 for each quarter wave onput of the other counter. The count of | or 2

is determined by the position (or count) in the quarter wave length counter,

e

Both counters, of course, are reversible, and the operation is the same

whether counting upwards or in the downward direction.

(e

One important feature of the Metric Readout system is its

P e

II1 - T27-2
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settability. Any number can bé preset into the counters at any time, or
" they can be reset t.o zero. Direction, being a vector quantity, has its

associated sign. The counters will count up (plus) for a selected dir-

' 8 8 LB 1

ection of stage motion, and down (minus} for the other direction. At

zero, the counter will change sign and count upward {magnitudej with

' B

the opposite polarity. Thus plus and minus coordinates are readable

C

directly from the Metric Readout. Because the count {into the Metric
Counter) can be either 1 or 2, special circuitry must be employed to en-
sure that around zero, counts and direction are properly accounted f_or.
Several methods wére employed to ensure that the metric readout’-A
~ was doing exactly what it was designed to do.
Comparison of quarter wave length counts with 0.1 counter.
indication was made.

Random counts were fed into the system, with an external counter
/

accumulating these quarter wave length counts. The quarter wave length:
(3) |

number was inserted into the methematical formula. The numerical re-
sult was compared to the number in the metric readout counter, and in |
each case there wa:s agreement.

Second method was to take the number of quér'ter wave length
counts in the external accumulator and multiply by 0.1582048575. ’I‘hev
oroduct and the reading in the metric counter had to agree, which they
did within one count.

IvV. Conclusionv

Tests were run on the breadboard stage. A Sheffield Air Gauge

, III - T27-3
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with least count divisions of 10 millionths of an inch (1/4 micron) was

used as the stage reference position. A lapped piece of steel was

attached to the stage as an anvil for the Sheffield gauge in order to

ensure accuracy. A number was set into the metric counter, about
2-1/2 to 3 microns, so that zero crossings would not be confusing
when trying to find a reference position.

The test consisted of pti{ting a simulated preposition number

into the count down register. The stage moved to the new position,

then was brought back carefully to the original position as indicated

on the metric readout. The position as indicated on the Air Gauge was

I

generally within 1/8 micron, about the readable limit. Occasionally

a bit of sticktion was noticed, but if the stage were moved a few

microns and returned, the reading was right there where it had been at

the start, within a small part of a quarter micron. It should be noted

that vibrations of the room caused a varying reading of a quarter to half

a micron on the metric readout, so average readings were taken. The

(D

second place (micron) digit was steady, unless of course the reading

was near the zero tenth micron digit.

It should be further pointed out that the above tests were made
with accelerations above those specified for the stage, giving a great

degree of confidence in the overall system.

Cross reference is directed to Task 42 of this report,

| E 11 - T27-4
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TASK 28

.3

OUTPUT LOGIC, INTERFACES AND SYSTEMS

I. Introduction

The major components of the Sterec Comparator are:

-

1. = Measuring System(l)

D 2. Digital Computer(z)

B 3 Correlation(S)

- 4, Stage and Film Drive(4)
- D Optics System(s)
| E 6.  Utilities'®

E 7. Output Logic, Interfaces and Systems
i
E Measuring | Digital
: System ' Computer Correlation
L

Output Logic
Interfaces
and Systems

Stage and
Film Drive . Optics System Utilities

E Il - T28~-1
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1. The Measuring System contains the interferometer
assembly, the digitizing logic and the metric readout. Measuring,
displaying or storing the X and Y coordinafes of the stages are

~ performed by the Measuring System.

— [C® 1B &

2. Digité.l Computer

Used in conjunction with the optical-electronic

—a

correlation cbircuitry, the computer controls the setting of the various'

—

optical elements and the position of the measuring stages so as to
maintain an optical presentation of a stereo model for operator
viewing. The computer, in effect, continuously extrapolates from
regions of two photographs known to be in stereo correspondence in

order to predict adjacent regions which are in near correspondence.

/e e

3. Correlation Image Analysis

The Correlation supplements the computer analysis by

2 3

establishing error signals showing the extent of lack of correspond-

ence (between two regions) and signalling the computer whenever

I—z

exact correspondence exists.

—

4, The stages can be directly driven, when in Manual

D' or Enter mode, by actuation of the joystick or trackball. In Auto
D mode, joystick and trackball signals are first fed into the computer

- which in turn prbvides the proper input to the stage drive. The stage
D . position is known to the computer b? sampling the stage position
D counters.
i
D I - T28-2
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- The optical systems such as

Illumination

€003 UD o0
(92}

, Focus
E - Magﬁification
' D : Anamorph |
| Reticle

Image Rotation

are manually activated from the console or computer controlled.

. 6, The Utilities controls and monitors air pressure,

air cooling, air bearing flow, vacuurri, etc., throughout the whole

system.

7. The Output Logic Interfaces and Systems can generally

‘bethought of as the Master link between all the 6 previous subsystéms :
mentioned.
Followmg is the findl report on the mterface logic,

: _ The report has. been subdlvxded mto 10-different sections whlch are

-

' o_utlmed in Drawm_g SK—.396A. Flgure T2 8-1, some of which have already been
- completely des_cr_ibe’d in previous reports, in which case a reference

is indicated.

L. . Technical Discussion

1. Mode and Control S_elecfion.
The logic described herein relates the MANUAL, ENTER,

AUTO W/0 ELEC. CORR., AUTO W/ELEC. CORR., JS-L, JS-R, JS/TB

BOTH and TB INDEP. keys to the transfer of data from the trackball

[

(7)

" counters and the joystlck digital outputs of the A/D-D/A Converter to

i T

I - 7T28-3
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o =

either the Internal Computer and the Electronic Correlator or to the

stages. It also relates the ‘OPTICS INDEP. and REORIENT keys to the

I—a

Intermal Computer. This logic is compatible with the flow chart shown

under Task 43.
The four mode keys MANUAL, ENTER TYPE & RECORD, AUTO

e

W/0O ELEC. CORR. and AUTO W/ELEC. CORR. are mutually exclusive
and sret corresponding flip-flops. When the machine is ffrst turned on
none of them is active, leaving the stage and optics controls inactive.
When either MANUAL or ENTER and IS/I‘B BOTH are aétive the Trackball
Counter bits or Joystick digital outputs from the A/D-D/A are fed in
parallel to the left-right gates feeding the Stage Drive Counters.,

| If either or both stage readout s}elections are made, either |
automatic mode may be selected by the appropriate key in which case
a level (SKS 75 or 76) from the flip-flop activated by the chosen mode

key will signal the computer to use the trackball or joystick data

o @ =8 0 o 8 0 o o

available on the INB of the computer in the appropriate program. If

[ J |

‘either stage interlock is made and that stage readout is selected or

both stage interlocks are made, an "Interlock" level is sent to the

I—n

computer (INA 21-13). If only a single stage has been selected and

—n

the corresponding interlock is lost, or if both stages have been
selected, whether or not currently active, and either interlock is

lost, the "Interlock” level to the computer is lost and the machine

i1 1

mode is reset to MANUAL unless it is in ENTER.,

Activation of any of these four mode keys enables the optics

—n

controls. However, if an automatic mode has been selected, upon

—n 3

III - T28~-4
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- release of an optics control, the optics will return to'their position

determined by the computer model .
The JS-1, JS-R, JS/TB BOTH and TB INDEP. keys determine
how the joystick and trackballs control the right and left stages when

in MANUAL or ENTER TYPE & RECORD modes, or the right and left

rs ¢t ¥ 18 08

views when in the AUTOMATIC modes. Figure T284 in Report #8 shows the six

—

control connections which may be made with the four keys. The

- JOYSTICK/TRACKBALL BOTH key resets the JOYSTICK LEFT or IOYSTICK

-

RIGHT state and the TRACKRALL INDEPENDENT state, The JOYSTICK LEFT .-

N

AND JOYSTICK RIGHT keys reset the Opposite state, The JOYSTICK LEFT -

|

or JOYSTICK RIGHT state in conjunction W1th the TRACKBALL II\DEPEI\DENT

state resets the I(JYSTICK/TRACKBALL BOTH state.

In either the MANUAL or ENTER mode, connection -of the joystick

and trackballs to the Stage Drive Counter left/rlght gates is as descubed»

in Section 3. The connection of the trackballs is controlled by two lines

e B e r

from the JS/TB BOTH flip-flop and the TB INDEP, flip~flop, Line A only |

(see SK-396A) is active whenever the TB INDEP. flip-flop is set, while

=

both A and B are active when the JS/TB BOTH flip-flop is set and the
TB INDEP. is not set.

-

The connection of the joystick is controlled by
two lines from the JS/TB BOTH, JS-R and JS-L flip-flops. Both lines C
and D are active when IS/TB BOTH is set and neither JS-L nor JS-R i

set, while C alone is active when JS-L is set and D alone is active

when IS-R is set.

[T - T28-5
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Wheﬁ in either of the automatic modes, if the TB INDEP. key
is active, as soon as either tréckball is moved, a flip-flop is set
which pfovides a "0" level to the internal computer (INA 05-11). As
soon as the computer tests this level, it goes out of the stereo tracking
program into a program where the .tfackballs control the stages indepen-
deﬁtly, but with proper optical correction. Which trackball controls
which stage depends on whether the eyeplece is in the NORMAL STEREOQO -
(INA 05- 10) or REVERSED STEREQ (INA 05-7) position.

Either pressing the JS/TB BOTH key, and hence resetting thef

TB INDEP. key, or moving the joystick puts the computer back on the

-tracking program. If the latter action was taken, operation of the

joystick moves the stages with s'_cereo tracking, and subséquent use of
the trackball moves the stages indi.vidually, since the TB INDEP, key
is still active. |
leerse, in either automatic mode, if the JS RIGHT or IS LEFT

key is depressed, as soon as the joystick is moved, a flip-flop sends

a "0" level to the computer {INA 05- 11) _ and only the»des1gnated' ‘
stage moves with operation of the joystick. Then preSsin‘e of the
JS/TB BOTH key or operation of either trackball takes the computer back
into .tracking. The latter action allows subsequent use of the joystick
again in the designated independent type of operation, since the JS RIGHT
or JS LEFT key is still active, The eyepiece modifies left and right stagé

control as with the trackball.

III - T28-6
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l
i
I o ~ In the AUTO W/O CORR. mode both TB INDEP. and either
N JS RIbHT or IS LEFT may be depressed, in which case both the jOYSthk
U and the trackballs will control the stages independently. Trackmg may
D be regained by pushing JS/TB BOTH.
' _ : The optics-independent condition may be alternately activated
D iand deactivated by pressure of the OPTICS INDEP, key. The associated
U | flip-—ﬂop sends a level to the internal computer (INA (55-13) to allow
‘ independent manual readjustment ef the twe eptics trains, That is,
B any manual control of an element on ene side will not cause the corre-
D ' - - sponding opposi_te eiement to move. |
D If an automatic mode is selected and the:computer has been
D . taken Quf of stereo tracking, or the OPTICS INDEP. is active, the
| , : REORIENT key mayllbe activated. This key sets a flip-flop which sends ,
D a level to the computer (INA 05-12) and also sets additional flip-flop
D (Optics Indep. reset). Operat.ion of a MAG control also sets these flip-flops.
‘ Upon receipt of this level, the computer stereo-tracking model
[

is updated to be compatible with the present stage and optics settings.

(See Task 43 of the oeptember Report.) An OCP pulse (OCP 05) is

—

emitted from the computer at the end of this updating which resets the

—

REORIENT cendition. If the REORIENT key has been used with the

OPTICS INDEP., the OPTICS INDEP. will be reset as soon as the

computer goes into tracking (INA 05-11). This facility is implemented

—®

with an additional fhp flop which gates the no-stage- control mdependent

—

line (INA 05-11) to the OPTICS INDEP reset when set. Thls fhp-—flop is

then reset when the OPTICS INDEP. flip-flop is reset and the computer

"is tracking.

D I -T28-7

E Declassified in Part - Sanitized Copy Approved for Release 2012/08/24 : CIA-RDP79B00873A001400010011-7



Declassified in Part - Sanitized Copy Approved for Release 2012/08/24 : CIA-RDP7QBOO873AOO140001001 1-7

L

The AUTO W/ELEC. CORR. flip-flop enables the

r: electronic correlator. If this mode is selected and the electronic
; correlator is correlating a levél is sent to the computer (INA 2 1-16).
L- “1f not, or if the optics, joystick or trackball is in an independent

«'J condition, the ELEC, CORR, INOP. light will light.

2. Trackball Counters. 4

The trackball counter uses a forward-backward binary

counter DTC #524 with a capacity of 4 bits per module. Nine bits

B

plus a sign bit are required; therefore three cards are used. The total

=

counter capacity is 1024 counts.

ﬁ ’ The trackball has a 25 pulse per turn encoder. With a
L v : !
I - gear ratio of 4.5, the number of pulses generated in one revolution of
L '

- the trackball is 112 pulses.

T ‘ Refer to Flgure T28 2 for the followmg dxscussmn.

(1 |
i
i

The Phase 1 output pulse leading edge of the trackball

pulse is applied to one shot #1; the trailing edge flres one shot #2.

The Phase 2 output pulse is apphed directly to a series of gates, and

[ B |

this pulse, combined and gated with the #1 and #2 one shot pulses

»
- determine the up and down direction as far as the trackball counter is
?"’ ‘concerned.

' Flip-flop #1 is set by the leading edge down pulses
: and reset by the leading edge up pulses . The outputs of FF#1 are
o
-

i
-
- 11 - T28-8
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i |

respectively applied to the proper inhibit input of the trackball counter.

When counting "up"” FF#1 is reset by the up pulse, FF#! pin 5 output is

—a

high and through an inverter applies a négative signal to the reverse

I—n

inhibit.

Reversely FF#!1 pin 3 output is low and through an inverter

r—s

applies a positive signal to the forward inhibit Which enables the

—a

counter to count forward.

Both up and down pulses are applied to the clock input of the

s

counter through a four-input gaté. The two other inputs to the gate are
inhibit lines:
1. Inhibit trackball counter when computer readout of the

counter takes place.

—3 12 I3

2, ‘Inhibit trackball counter when readout in manual mode

takes piace .

2

In both cases, the inhibit is required to allow the counter to

2

ripple thfough and settle down b'efore readout. In AUTO W/CORR, or

.AUTOI ‘W/0O CORR. the trackball cbunter ou‘tputs a;e fed into the inte‘mal
compﬁter. | _
| An OC? instruction sets a flip-flop which:

1. Inhibbits all 4 trackball counters

2 [ 2

2. Sets the ready line DRLIN

3. Enables the INA address gate to the trackball counter . |

I—:

outputs.

s

The OCP instruction is followed by 4 INA instructions to readout

-

the 4 trackball counters (2 per stage) if the program calls for it. The last

—y =3

Ir - 128-10
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INA is gated with RRLIN to provide a reset pulse to the ready flip-flop,
and to re-enable the trackball counters. The 9 magnitude bits of the ' '
trackball counter are connected to the 9 lowest significant bits of the

computer input bins as shown in Figure T28-3.

THRACKBALL COUNTER CyT PUT:

ML HITUDE RITS SO
yoome— U, U o -y }?’T ;
o 2 o 76 g 5 % 2 |
- ! -~ o e
| ’ L
.
. e
) 12 14 N 12 I 1C 9 < T L = I i
()
LO.W - 4 : e e e et e e e« R
OROER

FIG. 28-2 . ChILT

BiT ’ e

3. Stage Drive, Fine/Coarse Selection. See Figure T28-4,

The stage drive or count down register has a 23-bit capacity.

The outputs are gated and connected to a D/A converter
which in turn drives the appropriate stage motor.

Joystick and trackballs command the stagec to move at a

slow or fast speed by use of two separate Fine/Coarse pushbuttons.

IIT - T28~11
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, Thcwtrst ene txsed in’ conjunctton with the joysuck is 7
" directiy kocated through the joyatiak shaft.

When the joystick is off centes" non-acmuon of the Pine/
Coarse pushbutton drives the stage in a slow motion. or fine. .The FF
connected to the switch is in tha reset posmon. Gatmg between |
A/D, D/A and stage drtve is such that the nlne output bits are
connected to' the nina least siqnmcant bits of the utage drive. "(s_;ee
Figure TZB-S‘}“ .

| TRACKBELL OR JOVSTICK QUTPUTS

w >5'NITUUL BT T CIGN

R e | .
NSE BRI

109 8 7
e

~,-‘ - : - ‘-’:‘ - "." - i'. . ; ., . K ; '» R ”«\ i
s zz_mz;g_*.?o i,:fn— ' ra?,_ 1615 (413 12 1

MASNITURE Pm I T _ SIGN
TAGE DRIV ((,OJNF oonk FEs1sT ra) D
LOW R R s HIGH
e . FINL ST E 'i‘&AVE;’.y o 5” ,

F 3 a T Zb“ e
Upon actuation of the switch, the stage goes into fast motion
'(or<coarse). -The FF is set and the gating is suvcv:h-that the nlnq -output

bits are shifted 6 bits up on the stage drive. (See Figure T28-6.)

InI - T28-l3
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| TRACKEAL. NP Jo):*t;f ITF

MASNITUIE BIT:
S S
0 9 B T R

....‘,.,_;..._' T O

N

A o Y 15 1433 :62 10 §

s\
f
f

(N

- %gﬁ SR . -l DEIVE EREN e - HIGH
e ‘

R N - . . R A . e
. .

s = V - - .:._ .,,.‘,,-A_T ) o . - e . ,.Y.j'" :
,(*4z;<aNl_‘1“UDE BITS - L S

centered and the Fme/Coarse pushbutton is depressed
The same gate swttchlng takes place as explamed above t@r |

the joystidc. 'rhe 10 output bits (magnitude and sign) in this case come

" from the trackball counters.

The sign bit is connected to the eight hiqhest order bits of
‘the stage drive. '

-III'- T28-14
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iR, or kHTG W/G e *‘the computer transfers.

 data into me mqe dnve. An OCP instruction. faﬂwed by an OTA 1s

required. 'rhe OCP ;ets a ﬂip—flop which
1 mhd,bits all 4 stage drlves

2 aets the DRLIN une dy line)

A double prec:lsian wotd is used to transier data mto thn stage dnve. -

| 'rhe stage- dﬂ%»_ >
output bus OTB ‘haé only 16 Mnesh 'l'wo OTAs ard.;therefore required to
of etght O'I‘As tor" bﬁ‘th stages ) |

ntdcwn register) hls a 23~btt oapgclty. 'I'he computer '- S

) ‘;-load the staqe‘dﬂw‘,

dﬁ . ta thts ‘m‘ma ‘,__16 through 9 are connected‘ mmuvolr to

btt 8 through " B

R The.
'&r’ive. OTB l

OTB 1l ls G flmed

CCOME STER 0UTEIT UL OTB

. 5 ',

LC )h o) WQ} 2

: st e %
OM"@..‘“*“““\L
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4. | Stage Position Counters and Buffers.

The Stage Position Counters register the fringe codnts from
the interferometers which measure each stage poSitior; - left X, left Y,
right X, 'right Y. Each of these 23—bit data are transferred to a buffer
regiéter which is sampled by the internal computer.

Each counter is gated for either forward or backward counting
tlip-fleps whose state is determined by the relative phasing of oufputs .
The flip~flops are the same onés which gate the stége drive‘ counters.
'I‘ghe same sets of interferometer outputs are OR'd, each driving a latch

formed by two cross-connected NAND gates, one of which steps its

' coanter. An OCP pulse (OCP 30) from the computer fires a 1.4 microsecond

one shot, the trailing edge of which fires a 0.5 microsecond one shot. The .

OR'd result of thése two periods inhibits, in each of the four cases, the

- ‘counter input for 1.9 microsecond, during which any pulse input is stored

in the latch. The 0.5 microsecond pulse gates the counter output into

the buffer register after the 1.4 microsecond of counter inhibition allows

the counter to 'set"cle. All four counters are inhibited and sampled

simultaneously. After the counter inhibition is removed, any count stored

in a latch is applied to thé counter.

The four buffer registers are addressed sequentially and read

.into the ¢omputer input bus. The high order bits of each register are read

in first, (e.g., INA 30) followed by the low order bits of the same register

(e.gi, INA 31).
5. Stage Selection and Recording.
~ Thé stage selection logic détermines from which stage co-

ordinates will be read out, The seven RECORD keys determine the

11 -T28-16
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significance of the reading and the PUNCH and EXT.COMPUTER keys

allow feadout to either or both of these devices.

Each individual stage may be selected for readout as. soon

~ as its corresponding mterlock circuit is made (f11m clamped, vacuum

proper, etc.)., Both stages may be selected only by means of the BOTH-
STAGES key, after both interlocks are made Selection of either stage '

individually resets the opposite stage selection, If the machine is in

the ENTER mode when a BOTH STAGES selection is made, the machine
" is put into MANUAL mode. |

As soon as both interlocks have been made, loss of either
interlock will remove all stage selection, whether one or two stages
are currently selected. If both stages are selected, pressure of the

ENTER key will cancel all selection, after which RIGHT STAGE or LEFT

: STAGB may be selected

Either right or left or both stages must be selected to enable: ,

v the RECORD keys.

In addition, if the eyepiece is switched to LEFT BIlI\IOCULAR,
only the LEFT STAGE key can be made to light and only left stage da,ta_ :
will be read out. The corresponding.is true for RIGHT BINOCULAR.

There are seven RECORD keys on the console: RECOR_D
REFERENCE, RECORD FIDUCIAL, RECORD TIMETIC, RECORD INiTIAL,
RECORD INTERMEDIATE, RECORD TERMINAL, RECORD MULTIPLE . These |
are momentary., Pressure of any one, when enabled, sets its flip-flop -

which lights its lamp, sends a level on a particular line to the Output

Interface, activates the Start Record line to the Output Interface, and

Il - T28-17
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in the case of the first three, sends a level on an individual line
(INA 2 1-7, 8 or 9) to the internal computer and on an OR'd line to the
Qutput Interface., Figure T28-8 shows the Record circuitry.

If two RECORD keys are pushed simultaneously, only the

‘lower one will operate, and another will not operate until an acknowledge

signal from either the internal computer, punch control or _external
computér re-enables the RECORD keys. If the PUNCH key is depressed.
to connect the punch control, the punch control acknowledge signal
will reset the RECORD keys. If the EXT. COMPUTER key is depressed
to connect the computer link and the PUNCH key is not depressed, the

external computer acknowledge signal resets the RECORD keys. If

neither the PUNCH nor EXT, COMPUTER key is depressed, the internal

?

computer acknowledge pulse (GIPZI) resets the RECORD keys.
Assuming the flip~flop Rec. Int. shown in Figure T28-8
has been reset and the "Enable Record” line active, deoresqmn of any

RECORD key sets its flip~flop, activates the "Start Record" and sets,

‘through OR logic with the other RECORD keys, the flip-flop Rec. Int.

The set condition of the Rec. Int. .flip-ﬂc')p then inhib.its.further selection
of RECORD keys until one of the aforementioned acknowledge pulses
resets this flip-flop or it is reset by pressing the ALARM RESET key.

The first three RECORD flip~flops are OR'd and, along with the four é
remaining, are fed to the Output Interface and Computer Link. If the

RECORD key selected is one of the first three, as soon as it is depressed

it may be sensed by the mterndl computer, since its address gate is

: enabled by a flip-flop set by a one shot triggered by the Start Record line.

This flip-flop is reset by internal computer control (OCP 21). Logic is

I - T28-18
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6. Recall(8)
7. Miscellaneous Keys. .
| The L. MAG. HI and L. MAG. LO keys respectively set
and reset a flip-flop whose level is fed to the internal computer
(INA 21-15) in order for the program to properly control the optics
when the left optics train is se>t in the high magnification or low
magnificatién ‘positions respectively. The R. MAG. HI and R. :MAG.
LO keys control the program for tﬁe right magnification in vsimilar'
manner (INA 21-14),
The REFERENCE lamp is controlled by a flip-flop
which is set by an OCP pulse from the computer {OCP 70) and ;es‘;et ‘

by another (OCP 71). The TYPEWRITE lamp is controlled likewise

' (OCP 00 and OCP 03, respectively).

8. Output Interface,
The output interface has been vdescribed in Task 28,

Report VII (T28-1 through T28-15). The following covers only a

“description of the allowed communication interval circuit and the

Alarm circuit (see Figure T28-10).
Upon setting of thé transmission control f‘lip—flop'):
1 - the Alarm flip-flop is reset |
2 - ACl-‘wl allowed communication interval one shot is fired
3 - flip~flop #3 is reset
If Error Acknowledge signal is returﬁed it
1 - sets fl_ip—fldp #3
2 - inhibits one shot ACl1-1
Flip-flop #3 blocks gate 1 (60 ns delay). When AC1-1 one shot is reset,

AC1-2 one shot fires. At that time gate 1 is already blocked and Alarm

flip-flop will not be set.

“III - T28-22
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If after At time (duration of AC1-1 one shot) no Error or

: AcknoWledgé signal is returned the trailing edge of At fires AC1-2.

Since flip-flop #3 has not been set, gate 1 is enables,
the lus one shot of AC1-2 sets the Alarm flip-flop. Simultaneously
an Audio Alarm sigﬁal is initiated by the setting of a flip-flop which
in‘tur‘n‘ energizes the horn. By de}:;fesszfng the reset Alarm pushbutton
the horn is turned off. By depressing a second time the rééet Alarm
pushbutton. the Alarm flip-flop is reset and the Alarm Iight is turned
off, Simultaneously the Record Interlock flip-flop is reset and a new
record can be generated, A

Any failure in the Utilities (vacuum, pressure,. etc.)

‘will automatically set the Alarm light and the Alarm horn. To turn

off light and horn th.e same procedure explained above is required.
9., Punch Control.(g) '
10, Address Decoder.
The Address Decoder réceives seven addresses buées
(ADB 10 through 16) from the internal computer and provides 80 mutu'a‘lly
exclusive address lines to gate th.e various computer datﬁm and cbmmand

inputs and outputs (INB, DRLIN, OTB and OQPLS) in accordance with the

program. Certain compound addresses are also made available for use

by the A/D-D/A 4Cvonverter.

.ADB 13 through 16 are applied in both normal andvvcomple—
mented form to eéch of five binary-to-i6~line decoding cards. .Each
card is enabled by a different function of ADB 10 through 12, decoded
by standard gate c,avrds . As a ‘result, only one of the 80 outputs of the

Address Decoder will be active for each 7-bit binary-coded parallel input.

IIT -T28~-24
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In addition, a pair of lines is active for any of octally

Pz

numbered lines 10 through 17, and another for lines 50 through 57,
- 60 through 67, 100 through 107, and 110 through 117. These lines
are used by thé 'A/D—'D/A Converfer discussed under Task 23. |
11. Implementation.
All of the logic functions accomplished under Task 28
are implemented with standard logic modules manufactured by Data
Technology Corporation. Each logic chassis drawer contains u}ﬁ to

108 modules. Multi-conductor Cannon connectors interconnect

3 2 3 11 1 11

chassis, The drawers for Task 28 are Assefnbly Numbers 6120, 6144,

6125, 6110,

e 2

e C 3

IIT - T28-25
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TASK 29
CABLING

I. Introduction

It is necessary to make a great number of electrical inter-

connections between the various equipment cabinets and major

N

assemblies in the Stereocomparator.

The work doné on this task_includes the layout and drawing

of the electrical interconnection cables which are routed from equipment
cabinet to equipment cabinet and from the equipment cabinets to the
main assembly, as well as internal cabling to the various elements in

the main console assembly.

U3 o0 00

. B ¢ Summary

i

Cables are routed into three major panel areas on the Stereo-

comparator. All thrée of these areas are accessible by opening the two

0

doors on the:back of the vertical column which lies between the two

1D

measuring engines. Wiring to the stage drives, film drives, illumination:

systems, lasers and interferometer assemblies terminates in a connector

U1

panel located just above the base of the main frame of the machine. Wiring

to the control console and display panels terminates in a pair of connector

panels located on each side of the main optical support frame approximately '

halfway up the support frame. Wiring for the optical servo systems,

i D

IIT - T29-1
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correlator image dissector tubes, and automatic brightnéss control
photomultiplier heads is routed to a pair of panels located near the

top portion of the optical bridge at the rear of the machine.

III. : Conclusion _

Spast experience with the abovementioned types of
connectors and ‘cabling méans indicatesihat the system will possess
an extremely high degree of reliability and ease of maintenance and

installation.

Iv. Discussion

The connectors selected for the ‘interconnection of the various
elements in the machine are for the most part Cannon series X round
connectors. These units have a history of ruggedness and reliability,
and in addition, they are easy to assemble and install. Drawings
have been prepared of each cable, and assembly drawings of the various -
elements in the system shéw the placement of cabies. Every cable has
its own number so that no confusion will result when the machine is
installed. In some cases it was necessary to depart ffbm the use of
Cannon K connectors in order to interface with equipment Supplied by
outside _vendors. The principal examples of this are in the image analysié
system and in the laser assembly. In certain instances, due to the great
density of the wiring, it was necessary to go to a slightly different

style of connector so that all interconnections could be made within the

111 - T29-2
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space available. In particular, it was necessary to use thé‘smailer
Cannon Military Standard (MS) style connectors for the connection
of wires té the optical.servo subassemblies. _

~It":_is possible to completely disconnect the machine from all
eléctrical cabling, and when the doors of the rear of the maéhine
are closed,‘ all the wiring for the machine is h%dden from view, The

cables running to the various equipment cabinets from the machine

are routed through the computer floor so as to be out of sight also.

III - T29-3
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TASK 30

CONTROL CONSOLE AND CHAIR

I. Introduction
The purpose of this task i{s to provide a complete operating
area for the Stereocomparator and its auxiliary equipment.

The human engineering aspects of operator comfort, vision

" and control functions(l) were used in the design of the control console

(2)

and chair

II. Summary

The physicél and psychological environmental design criteria
w‘as. obta»ined through informatAion from the customer's specificat.ioné,
human factors consultants, meetings with the customer, texts or'x.hu.man '
engineering, a‘nd industrial design cbnsultants . Variéu’s sketches and
drawings of the control console and chair were developed and discusséd
before the fihal design was fixed. |

The location and .slope angle of the display Lpanel-were fixed

by recommendations from the human factors consultants and human

engineering texts. The arrangement of the components' developed logically

from their sizes and_shapés as well as from the space available.

III. Conclusion

- The console is located between the two measuring engines and

11 - T30-1
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m

=

- below the optical bridge. Except for the loading operation, the console

ﬂ will offer complete control of all operating and most re_cording functions

= such as: optical adjustments, film drive, stage motion," computer format
; and record command. | |

B The spatial arrangement of the console has been selected and

ﬂ the functions to Ee controlled by the operator have been fixed. The

S-::- arrangement of the contréls has been completed in accordance w_ith

F function and need, simultaneously maintaining simplicity and operator

; ease as fundamental factors. The general design of the console has

i

evolved from space allowance, the operator's reach from the operating

position, and this logical division of control parameters.

After discussion with the customer, it was decided to install

(3)

o

a computer floor " over the main floor at the customer's site. This

i

will allow the operator's chair to be at normal height for easy accessi-

bility.

All keys, switches, displays, meters, etc. on the console

are identified as to function and use by appropriate descriptive nomen-

clature. All of the controls are arranged in the most feasible and

D

logical manner. Certain operating and control keys as well as the

D

indicator keys in the keyboard are colored red for the left stage and

green for the right,

/
The control panel is at normal desk height from the computer

floor and an adjustable headrest is provided for the veye piece assembly.

The ¢hair will have adjustments for seat height and tilt. A hood(4)

i D

IIT - T30-2
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over the control and display panels is provided which will eliminate

' stray light and shadows and other visual distractions from the console

I’ i 8 1 &

area as well as to enhance the appearance. This is described more

fully in Task 8 ~ Skin.

_;,i

The operating and controlling items on the control panel

>are readily visible in subdued light. The keyboard keys are ligh‘t_ed

with two levels of light énd are grouped and colored so as to be

readily located as to function. ther lig_hted‘switches on the control
consolé are colored. The colors were selected to match with related
keys on the keyboard as well as with the four fih‘n lloading. switch panels
"on the outboard bridge supports. The colors selected for the lighted
switches and_ keys were obtained through consultation with various

manufacturers of these items and plastic materials vendors.

(s I o DO O o D O B O |

The components in the Control Console that may require

adjustment or replacement are readily accessible for servicing.

The Control Console Assembly is mounted on casters and

can be easily removed from its operating position between the measur'ing

2 3

stages after removing the electrical and pneumatic conriections from

K=}

the cross connect panel directly behind the console. All of the com-

ponents related to the display and control panels are mounted on their

- respective panels and these panels can be removed from the console

assembly with standard tools. Each item on each panel is easily
removed. Items on the display panel may be inspected and adjusted

without removal from the console by removing the back cover of the

T

111 -T30-3
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console. An inspection plate is provided underneath the control panel
which can be readily removed for inspection and adjustment of control

panel components,

v, - Discussion
Following is a general description of each of the subassemblies
related to the Control Console:

Chair - The operator's chair is to be the ultimate in design.

310

for physical comfort and'use. The specifications for the functional
design of the chair were obtained from human factors consultants.
The appearance specifications were obtained from the industrial design
consulta_nts . '

A computer floor is included in tﬁe systemiand a stahdard
height of chéir will be used, also the chair proper will be adjustable

for seat height, tilt, etc.

Headrest - Part of this task is the design of an operator's
headrest. This headrest is to support the operator's head while he
looks throughv the microscope eyépieces of the Stereocomparator. The

headrest is supported by the Control Console. Anthropological and

human factors considerations have been incorporated into the headrest
so that the operator's fatigue, from viewiné for long periods of ti%né,

‘is minimized. The headrest will be made of a cushioned rubber material
which will be contoured for good contact with the operator's head and

will have fore and aft adjustment. The headrest is mechanically

II1 - T30-4
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separated from the eyepieces and optical bridge so as to eliminate
any vibration by the operator to the optics measuring system,

A means for sanitary protection of the operator's forehead '
will be provided. This will consist of a paper cover wrapped around
the headrest in such a manner that the operator can replace a soiled

sheet with a clean one.

Hand Rails
To insure against the operator having physical contact with

the stages while in the operating area, a barricade is provided on

.each side of the operating area. These consist of decorative panels

with moldings for hand rails. They are attached to the console and
are mechanically separated from the measuring and optics assembiy.

This item is more completely deséribed in Task 8 - Skin.

Keyboard Assembly

The keyboard assembly contains two matrices: an 8 x 10
control and conditioning keyboard and a 10 x 10 numerical entry
keyboard. All keys are lighted with two levels of illumination gs)

The 8 x 10 section contains keys to condition, cqnfro‘l,

‘indicate and initiate certain functions pertaining to the operation of

the Stereocomparator and the auxiliary computing and recording equip-

- ment. Eack key top contains appropriate nomenclature describing the

function. The key tops are colored and grouped to provide visual

separation according to function.

I11 -T30-5
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The numerical entry keyboard consists of 10 key sections
with each key top lighted with two levels of illumination. Partiai
depression of any key will release any other key in the same vertical
column. Full depression will increase the luminance of that key and
latch that key in its value setting position. Each key in each
vertical section is interlocked to prevent de’p_;ession of mo}é than -
one key in each column.

The keyboard assembly may be readily removed as a unit

from the control panel assembly, and each vertical key section may

- be easily removed from the keyboard assembly for inspection and

servicing.

Film Drive Joystick

“Two film drive joystick assemblies are provided. They
are located near the outer edges of the front face of the control
cabinet and are used tb wind and uhwind the film on each stége.
To move the film toward the rear of the stage, the joystick is raised | _
and it is lowered to wind the film towards the front of the stage. The
speed of winding is related to the angle of deflection of the joystick.

Each joystick may be latched in its full speed position for’ .

long runs of film or for rewinding.

Trackballs
The two trackball assemblies are located on the control

panel at each side of the stage drive joystick and are used for_ fine

I - T30-6
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positioning of the stages. The trac’kball to the left of the joystick

controls the image viewed in the left eyepiece, and the other controls

—a

the image viewed in the right eyepieces.

The trackball assembly contains a ground and polished

solid aluminum ball which rides on an air bearing. Thexiballkis

3

operated by the operator's fingers and under manual control the stage
will move in the same direction that the ball is rotated. The stage
will move at varying speeds depending on the speed of rgtation of

the ball.

— =

- Controls for two levels of stage speed are provided by the

—

TRACKBALL COARSE and TRACKBALL FINE keys in the control section

of the keyboard.

—

Staée Drive Joystick

—

The stage drive joystick assembiﬁi;,_is located in the center

of the control panel, directly behind the keyboard assembly, and is

E

provided as one of the means for positioning the upper stages. Move~-

D . ment of the joystick handle in any direction from its centralized positio‘nﬁ
| will cause tﬁe stage or stages to move appropriately. T'he speed of

El movement_ of the stége can be controlled by the amount of deflection
: D _ of the handle. The stage drive joystick can move the stages at

D | - either of two speeds by the operator selection of a_‘button on the top

of the joystick handle.
.‘ El " The stage drive joystick can drive ohé stage at a time, or
both stages simultaneously. Keys are provided in the control section

of the keyboard to select the desired mode.

11 - T30-7
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I

Control Switches -

Control switches are provided to modify.the' photo image

by changing the parameters of the optical system and to control the

i~0 T 870

levelvof light for the general platen illumination. Two sets of

four double knob switches are provided for the photo image adjust-

| s

. ment. These switches are located radially around each of the trackf
balls. Their functioné aré:
Anamorphic rotation and squeeze,
Zoom magnification and focus.
Irﬁage rotation and brighiness.

Reticle size and brightness. p

A fifth control on each side is provided for the general platen

0 3 0 0 e

illumination. The lower knob controls the brightness of the platen-
illumination lamp. The upper knob controls off and on.

The function of each control switch is shown by engraved

nomenclature on the control panel in front of each knob.

[

The funétion of the lower knob is indicated by a circle

and the upper knob function is indicated by a smaller dot preceding

—o

the nomenclature, Each knob (upper and lowef) operates two switches,
one for each direction of rotation. The knobs will return to a central-

ized neutral position by built-in spring action.

—o 3

I8 1

_._m
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TASK 32

COMPUTER CONSOLE

I.v Introduction : ' )

The computer and computer control console are used as an integral

1. Technical Discussion

The control console is a single unit which contains the system
operating controls and indicators. The console is connected to the system

enclosure containing the processor's main frame logic, via three cables.

;

C

]

D :

E | part of the logic Rack #3.
] s

]

i

i

11, Summary and Conclusion

r_ 1o

The use of the controls and indicators contained in the computer

console is described in the Programmers Reference Manual.

IIr - 732-1
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- the machine is located, a very severe heat load would be placed upon the}-‘ =

TASK 33

ELECTRONIC RACKS AND CONTROL CAB‘INETS.

I. " Introduction
- In order to meet the requirements for heat loading on the room
in which the electronic equipment cabinets are located, it was found

necessary to specify specially~constructed rack assemblies which

. contain provisions for a closed~circuit cooling system. If the cooling

air from the electronic cabinets were to be vented into the room in which

air conditioning and temperature regulation equipment used to hold the

room temperature within the degree of constancy required for accurate

measurement.
II. Summary

' Arrangements have been made with a cabinet manufactﬁrer,
to include .fittiﬁgs on the floor of the cabinet and plenum chambers wifﬁin
the cabinet to allow routing of the cooling air both into and out of the
racks fhrough the floor. The cabinets themselves are more or less sealed ,"‘
and connector feed-thrc;ugh plates are installgd in the_floors .o‘f the
cabinets in order to allow the electrical connections to be made with
equipfnent located within !the cabinet. (Reference Appendix I33—A.)
The work done under this task iﬁcludes specification of the éxéct rack

configuration as well as the cabling and power distribution equipment used.

III - T33-1
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within the racks. As stated under Ta skj 29, Cannon serieé K
connéctors are used in most of the cabling, and the bnly excep.tions
are in certain areas where smaller connectors are required due to the
great density of the wiring.

The cabinet itself is more or less a standard ifem with
the exception noted above, a_nd ié fitted With specially-designed
glass doors over the front_of .the electronics assembiy. The purpose

of the doors is two-fold: First, to prevent critical settings onvf_,\'rarious

electronic chassis from being upset by accidental contact by personnel;

secondly, in the event that additional RFI shieldini’j’is’_.r;equired above
and beyond that provided by the front surfaces of thg e‘léctx"'-'onic
chassis themselves, it will be possible to fabric;ate the door from

leaded or gold-flashed glass to provide additidnai shielding.

III. Conclu'Sion

_Thef’éiectronio cabinets specified for the Stereocomparator .
fulfill the requirements for system shielding and céoling . In addltic'm; )
they furnish a handsome and extgem‘ely servicable- means for éontain-—
ing the electronic hardware. The ,:s'ystem of wiring adopted will
insure neat, reliable interconnection of all‘ equipment for mébﬁimum

system dependability.

1v. Discussion

Layout drawings.of the racks show the various mechanical

I - 733-2
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assembly details and interconnection diagrams for the ‘é‘quibﬁiént
cabinets, including the power distribution wiring which Supplies

the line voltage to the various assemblies. At the present time,

it is expected that conduit will be used for running AC power lines

in order to meet usual building code specification requirements,

and fittings for conduit will be available on the floor of the cabinefé .
AC outlets are provided internélly within the cabinet for powéring

th_e various assemblies, and additional pairs of AC outlets are

provided on the front of the equipment cabinets near the floor for

convenience when using electrical test equipment in adjusting the

D | system. Concurrent with the desigri of the racks themselves is thé :
requirement for use of a Support frame underneath the: equipmént

E | | cabinets which will raise the cabiﬁets to the level of the computer |
[j : floor. This support ffame will contain the ducting used to route the

| cqoling air into the cabinets(l) . A customer-supplied cooling system
D will keep the temperature within the cabinets to withih acceptable -limits
D | ' for measuring accuracy of the machine |

The cabinets are somewhat deeper than usual (30") in
D order to allow greater backéging density for the electronic components.
E By this meéns,v it was possible to use fewer equipment cabinets so
' that the floor space requirements for the system are not excessive.
D Slide out drawers for the digital equipment are provided
B | . to allow easy access for testing of the ciréuitry, and analog circuit
) » components have all of the required test points and adjustment contrqls

E :
|
D‘ B Il - T33-3
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|

3

3

on the front panel (either directly on the panel or under removable
‘cover plates) so that it is not necessary to remove the chassis
from the equipment racks in order to perform adjustment of the

equipment,

- T33-4
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Task 33 Electronic Racks & Control Cabinets » ' ' ‘ ‘

=

(1) VIL, page T33-1,
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TASK 34

UTILITIES, VACUUM AND AIR SYSTEMS

I. Introduction
The utilities consist of the air and vacuum system sources and

controls, the system power circuit breakers, and the arc lamp power

supplies. The air and vacuum sources and associated equipment are in |
the Machinery Room, whﬁile the rest of the air system controls and the
power distribution is in the Utilities Cabinet. The vacuum control valvés,
switéhes and réservoir are on the Utilities Panel on the back of the machine

proper, or nearby.

II. Summary
- The sequence of energizing the system from the Utilities Cabinet

is covered, followed by a debscription of the interlocking of the utilities

with the Film Control Stége Support, and other portions of the system. The

1

utilities portion of the stereo comparator provides the electrical power
distribution and control, the cooling air and failure interlocks, the air and
vacuum control systems and failure interlocks, and the arc-lamp power

supplies. All utilities are designed for fail-safe operations.

III, Conclusion

1

The pneumatic portion of the utilities now consists of four

separate systems:

III - T34-1
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E ’ 1) A high pressure system of 150~175 psi that will supply
D : - . properly conditioned, compressed air to the air bearings, vibration

. isolators, and air cylinders.

r—3

2) An interrriediate pressure system of 60 psi that will supply

properly conditioned, compressed air for film cooling, and film lift-off.

N

3) A low pressure, high volume air systexh to provide cooling

[ 1]

for the optics illumination, optical bridge and platen.

4) A vacuum system for film clamping.

The Utilities Cabinet contains, as well as the air and vacuum -

‘systems described above, a main breaker panel, a control panel and

two arc lamp power supplies. The former contains a 100A, 3-wire,

220V breaker, a 24V power supply for the utilities contr_c;l, and a 1004,
2-wire, 220V éontacter. All power for the utilities rack enters through
the .main breaker. The power for Cabinets 1, 2 and 3;bth'e computer, the \
teletype, the card punch and the main and reticle illumination, and the

24V power supply passes through the individual breakers on the control

panel, Lighted pushbuttons on the control "panel activate the air and»

vacuum systems and the four arc lamps.

V. Discussion

‘Based on a-preliminary design survey of the Stereo Comparator

. a schematic concépt of 'thé utilities'was developed. The requirements

(1)

3

for this tentative system were discussed in & previous report.

31 -3

D » , | Il - T34-2
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However, subsequent developments in the Stereo Comparator
design eliminated the ne_ed _for a wbater cooling system on' the illumin_ation
lamphouses. Additionally, it was decided that an'adjoining room would ‘
‘be used to install auxiliary equipment at the cAustomer's facilities. Hence,

(2)

This 1s shown schematically

a new utilities design was developed.

in Drawing No. E-6296. This drawing is subdivided in such a manner

3

that the location of the various components at the installation site is

(2)

shown. The system is described in a previous report.

Most of the utilities control units are housed in a standard size

cabinet. All interconnecting hoses and pipes between the auxiliary

m

rhachinery room, the utilities cabinet, and the Stereo Comparator are
below the computer floor. In and outgoincj connections on the utilities
cabinet are made through the bottom of the cabinet. The internal piping
arrangement in the utilities cabinet is shown in Drawing No. E-5808.'

All control for the utilities is from the utilities cabinet. (See T34
Appendix C, Electrical Diagram of the Utilities Contrél, and T34 Appendix D,
Control Panel Schematic.) o | |

If the MAIN BREAKER on the Main Breaker Panel, and the first row

of circuit breakers on the Control Panel are not tripped, the first row of

lighted pushbuttons may be used to apply power, respectively from left

to right', to the + 24V utilities-control power supply on the Main Bréaker

Panel and also the drain-purging timer, the power to the engine, Cabinets °
'#1, 2 and 3, the computer, the cardpunch and the teletype.
Next, given the +24V, the four lighted pushbuttons‘ in the next row

may be used to respebtively turn on (1) the vacuum pump, (2) the low-pressure

III - T34-3

3

i3
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air system, (3) the medium-pressure system (compressor and dryer), and

'.(4) the high-pressure system (compre_ssor and dryer and main high—pressure

valve and auxiliary high-pressure air dryer in utilities'ca:binet) . They
are turned off by pr_essing the respe.ctive_.button a second time.

| Provided the illuminar.ion circuit breakers are not tripped,
and all the first row of pushbuttons except the +24V is off’, the illumination -
buttons can be used to turn the left and right main and reticle arc lamps
on and off. When the 'required lamps are on ,. the first row of pushbuttons
may be actuated. Normélly, closed relays on the various power lines
connected to the first row of pushbuttons allow this., The le.ft and right
film cooling is elso't'urned on by the main lamp buttons. If the cooling
fails, pressure arrd/or vane switches douse the corresponding lamps and
light the console alarm iamp,

The drain purging timer, every 4 hours, activates a time-delay

.relay which holds the left and right drain-purging eolenoids on for 10 seconds.

The Film Control Units in Cabinet #1 activate the normally closed "
left and right air- pressure and vacuum valves. Whe'n the film is clamped,
the air-pressure valve closes and the vacuum hlgh-pressure air valve
opens. When the film is unclamped, the opposite occurs. If the pressure
drops under a value yet to be determined, or the vacuum drops below 20" Hg
on a given stage, the corresponding pressure or vacuum switches opens the
left or right film drive and stage readout interlock. 'Each of the stage
support pressure switches opens when the high-pressure air pressure

drops below 70 psi on the given sta_ge; and stops the left or right stage

~through the Stage Limit Relay Assemblies in Cabinet #1,

IIl - T34-4
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The high-pressure and medium-pressufe systems are
monitored by pressure sw1tches, and the vacuum system has a
vacuum switch, all of which operate the Alarm Lamp. The vibration
isolator also has a pressure switch which lights the alarm lafnp

when the préssure falls below 40 psi.

3

i3

-

r

III - T34-5

Declassified in Part - Sanitized Copy Approved for Releasé 2012/08/24 : CIA-RDP79B00873A001400010011-7



- ' ' :
D Declassified in Part - Sanitized Copy Approved for Release 2012/08/24 : CIA-RDP79B00873A001400010011-7

s 3
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Task 34 - Utilities, Vacuum and Air SYstems

(i) III, pages T34-1 to T34~-2, and Appendix
T34-F (Utilities Schematic Drawing No. SK-353).

(2) XI, pages T34-1 to T34-4.
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TASK 35

VIBRATION ABSORPTION AND LEVELING

I. Introduction

The vibration isolation system is designed t'd'k:i_solate the machine

) r3 303 0

proper from ground.

A

II. ~ Summary

The extent of the isolation required and the eventual design of the

1)

_system was based on a computer study ( which investigated all of the rigid

body modes of the detail structural design of the Stereo Comparator, the

threshold of sensitivity of the Stereo Comparator, and the Freidin and Ney

Associates Vibration Study Report #1348,

The computer study and report entitled, "Dynamic Analysis of Barry

,C'ontrols 9001147 Isolation System for Nuclear Research's Stereo Comparator

WD-495" was performed and submitted by our vibration consultants, Barry

N Controls, a Division of Barry Wright Company, and is included as a part

“of this final report in Appendix T35-A.

III. Conclusions:

The vibration isolation system will satisfactorily isolate vibrations

as described in the Freidin and Ney report # WD—495 .

=]

ITI -T35-1
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| ~ TASK 36
- | OVERALL ASSEMBLY

I. " Introduction

-0 €0 €0 &0 6.0

This task covers the development and production of drawings,
parts list, etc., required to assemble and interconnect all of the items

(1)

in the Stereocomparator system.

Il Summary ,

In general, the other tasks in the project require detail, sub-
assembly and assembly drawings for that particular task. As the
project developed . it was necessary to inter-assemble tasks to make

a feasible éssembly as well as to insure complete interface of all

—0 0 3 C3 3o e

assemblies,

Ir. Conclusion

1

Overall assembly drawings start at the level of Right and Left

EI Stage assembly where the following items come together;
D ' | Task 9 Granite and Ways
Task 10 Air Bearings
D Task 11 Stage Drives
El S Task 12 TFilm Transport
‘Task 13 Film Clamp
D The "top" assembly is the floor plan‘with the Measuring and
r=l Optics Assembly, Electronic and Utilities Cabinets, Console and chair,
- Card Punch, and Teletypewriter shown in their recommended positions.
= _
i
:! I11 T36-1
e
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Other drawings at this level show electrical and pneumatic lines
arrangements, floor loading, electrical pbwer and air requiremerits.
Parts lists and assembly information is included in these
drawings.
A 1/12 scale - three dimension model of the Stereocomparator
system was made, as part of this task, and delivered to the customer

for approval.

111 T36-2 ' ,
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TASK 37

RADIO FREQUENCY NOISE SUPPRESSION

1. Introduction

The requirements for radio frequency noise suppression in the.
Stereocomparator are twofold: First, it is imperative that the machine

does not itself radiate, either to cause interference with other equip-

ment located in the same area as the machine, or to produce decipherable

data which might be susceptible to detection; secondly, it is necessary

3

that the Stereocomparator be shielded against electrical disturbances

caused by other equipment which might interfere with its.operation or

accuracy.

II. | Summary and Discussion

Means for accomplishing these ends have included the design
of various s’hielding elements around critical afeas of the machine. 'fhe
low level stages in the inferferométers are perhaps most susceptible to
outside RF disturbancé's, and in order to prevent adverse effects from
external fields, we have designed the interferometer assembly with
heavy sﬁielding. Anpther critical area in the machine lies in the analog-

to-digital converter because the low signal levels encountered are

susceptible to noise. RF shielding and bypass elements on the power

supplies for this system have been included and a "Mecca point" or

r 1

"holy place" grounding scheme has been adopted in the_ external circuitry

3 3

Il - T37-1
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in order to prevent the possibility of RFI pickup through ground loops.

The chassis used in all servo amplifiers are constructed of steel in order

-

to shield the low level circuitry from electro—mégnetic fields. The

‘digital equipment drawers are also constructed of steel in order to

prevent radlation of detectable signals from the digital gating circuits.

The equipment cabinets themselves are constructed of rather

heavy gage steel sheet metal, and welded construction insures good

3

electrical grounding of the cabinets in order to prevent RFI radiation
or pickup. Shielded cables are used for most of the servo and feedback

system devices in order to minimize noise pickup which might impair

- the accuracy of the stage drive or optical servomechanisms. Shielded

‘cable is also being used for the arc lamp power wiring in order to prevent

3

radiation of RF hash which might upset nearby equipment . Arrangements
have been included whereby the entire frame of the machine and all motor-
frames are grounded in order to prevent noise radiation. The entire

platen illumination system is also RFI shielded.

III. = Conclusion

Great care has been taken in the design of the Stereocomparator

élecfronic cirguitry to insure that the ‘equipment will not radiate signals
which might ke disturbing for nearby equipment or be a sedurity problem.
Maxinium rejection of unwanted signals caused by RFI/EMI fields is

assured by careful adherence to proven shielding and grvounding methods. .

Hg} I

I -T3722
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: It will be necessary for the customer to supply a high quality

earth ground near the system in order to allow effective grounding éf

the various equipmeht cabinets and machine frame.

CIIf - T37-3
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TASK 38

ENVIRONMENTAL CONTROL

The performance of this Task is being handled by the

customer. See Appendix v-B, Item IIT - Support Equiprhent.-

III - T38-1
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TASK 39
RELIABILITY ANALYSIS

Introduction -
The Stereo Comparator is designed to operate, undéf normal

~_conditions, for 5000 hours with only minor maintenance, due to normal

' mortality of expendable replacement parts. The following is a discus-

7

‘sion by task of the life expectancies of the individual components of the

Stereo Comparator,

r—a

II. Technical Discussion

r—a

The expendabie parts used and their expected lifetimes are

listed in the following table:

Parts : ' Hours
Arc lamp, main illumination, 2 required . .~ 2000 ea
E Incandescent iprojection lamp, 2 required 4000 ea |
D Computer logic modules; many required . » 4000 total
' Interface logicrmodules, many requireci 100,000 total
[:‘ Indicator lamps, control console and
utilities control panel . ' 1000 ea
D Air filter cartridge - " Undetermined
B Table T39~-1
E_
E I -T39~1
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A discussion of life expectancy of non-expendable p»art‘s is

given below by task:

r—3

Task 7, 8, and 9: The main frame, skin and granite stageways

are constructed of very durable materials and do not contain moving

parts nor parts under electrical strain.

’i‘ask 10: The air bearings, being of course cqnstructed to

prevent any friction between solid ma terials and being of non-corrosive

metal,'have lifetimes very much in excess of the machine lifetime.

Task 11: The stage drive system contains, of course, moving

parts in the form of the linear actuator. Accelerated testing, as described

in the April 1967 monthly report, indicates a useful life for the linear

actuators under average use of 5000 hours.  This is based on a 79-hour

3

maximum speed test.

3

The stage-drive motors are rated for 5000 hours at 3600 rpm.

The stage drive tachometer is rated for 183,000 hours at a 1 ma

3

load ahd 3600'rpm, The device in this application is used within these

-

ratings.
Task 12: The film drive motor and tachometer are rated the same

as the stage drive units.

Task 13: The film platen and clamping has no components subject

to appreciable wear.

Tagk 14: The film cooling involves nothing of short lifetime,

being merely passive pneumatic structures.

i Il - T39-2
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Task 16: The viewing optics are constructed of very long
life material and cohtain no parts of appreciable mechanical or elec-
trical wear. |

Task 17; The arc lamps for main illumination are listed as
expendable (see Table T39-1). The supplies for these lamps have an
MTBF of 20,000 hours. Each igniter cont:ains only high-reliability

capacitors and transformer and a spark gap, and so will have a life

D3 3 I3 3 3

far greater than the 5000 hours for the machine. -

Task 18: The reticle lamps are listed as exXpendable items

in Table T39-1.
Task 20: The platen lamp has an average life of 10,000 hours.
‘The platen illumination power supply consists of a motor-driven auto-

~transformer having‘a very long life under expected usage, three relays

good for 10 million operations, and a high-voltage step-up transformer
of lifetime much beyond machine life.

Task 21: | The optical bridge contains only structural members

and wiring, and therefore presents no reliability problem.

Task 22: The laser and power shpply are good for approximately

3

10,000 hours.
Task 23: The optics drive motor tachometer is rated for 1000 hou s

at 8500 rpm. During slewing, the motor may run at up to 10,000 rpm; while

duririg tracking, usual situation, it will run at much less than 8500 rpm.

i D

Task 25: The image dissector is good for many years, and the

electronic correlator has much greater than 5000 hour expectancy, based on

the MTBF of its circuit cards.

III - T39-3
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(3

Tasks 26, 27, and 28;: The digitizing logic, metric readout

and output and interface logic use standard logic cards incorporating

3

integrated logic modules rated at a 200,000 MBTF with the 5-volt supply

3

used. Actually, due to noise limitations, the effective MTBF may be

considerably less than this figure, but well above .5000 hours.

-

Task 29: The cabling is done to superior commercial standards

and has a lifetime far in excess of the 5000 hour machine life.

Task 30: The key switches on the control console are snap-

action with lifetimes on the order of 1,000,000 operations. The joystick

potentiometers are good for 2,000,000 rotations.

3

The tfackball incremental encoders are rated at 27,000 hours
at 3000 rpm.

Task 32: The internal computer used has an MTBF rating of

4000 hours. The logic modules and indicator lamps are expendable items,

while the other computer components have quite long life expectancies.

Task 33: The electronic racks and control cabinets are not

subject to deterioration.

Task 34: The life expectancies of the components used in the

3 03

utilities are not available, but are much greater than 5000 hours. The

Asco valves used are rated at 1 million operations.

3

Task 35: The vibration and level control unit has a life

~ expectancy well over two years.

III - T739-4
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III. Summary and Conclusion

The reliability discussion above demonstrates that the various

non-expendable parts of the Stereo Comparator have life expectancies

greatér than 5000 hours. Various lamps, logic modules and air-filter

cartridges may need replacement during this period.

+

=t

B

. i
1 .

I - T39-5
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TASK 41

STEREO COM.PARATOR MOCKUP

i_713

L ~ Introduction

The Stereo Comparator mockup has been ah extremely useful
and many purposed tool. The complete machine inclﬁding one full electronics

cabinet has been built primarily from wood.

3

IL Summary
At first the main frame and granite were constructed
and fitted for "X'" and "Y" axis movement to check ciea'rances three

(1)

dimensionallyo The optical bridges, control console and chair

were built and assembled to check the human englneermg aspects of
(2)

operator comfort, vision and control functions,

The skin was then attached to produce a pleasing shape and to

check primarily for optical train covering and skin-interface to maintain

-

the three-optical bridge structures independent of each other.

'
With the skin satxsfactorﬂy attached, the ry%achme color scheme

was introduced eventually resulting in a finished machm e mock-up that

gi'aphically represents 3.dimensionally the final size, shape and general

color scheme intended for the operating Stereo Comparator. In addition

the color scheme for the support equipment and the general room area

Il - T41-1
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ozl Gl

have been studied.

111, Concliision:

The mockup has been completed and is représentative :

of the overall appearance and size of the stereo comparator,

ol

Bz ==

E o I - T41-2
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Task 41 - Stereo Comparator Mockup
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TASK 42"

BREADBOARDS AND TEST SERVICES

I. - Introduction .
D | The purpose of the breadboa_rd is to construct physical
| assemblies in order to examine certain paramefers of the system which
G- | canﬁbt be determined other than by experiment(l) . |

-

1. - .Summary

Test procedures for examining these para meters

3D

(2)

and

collecting test data(3) have been detailed. Test data results and

i3

conclusions have» been collected (4)(s)(8) verifying opératio'ri_.f:'_of the

stage systems.

T

. A final test on the repeatability of the stage position accuracy

has been performed and is submitted with this report.

I11. Conclusion

All testing performed in the breadboard confirms the operation

o

to specifications of the stereo comparator stage drives, interferometer
syétem, air bearings, granite & ways, general platen illumination, and .

metric readout.

IIT -T42-1
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TEST OF STAGE POSITION ACCURACY

Purpose: To determine repeatability of stage position accuracy
"~ Procedure: Mechanical indications of the stage position were
obtained by using a Sheffield air gage, least count
1/4 hnicron._ The metric readout counter was set to
zero, the stage was moved away frora the indicator
and then returned to zero on the indicator, and the

difference on the metric _readout counter was recorded.

Results:
Mechanical : o ' Stage Traverse
Indicator Metric Readout Difference Length
Reading Counter Reading  Microns Microns -
0 . - +0.2 +0.3 0.1 20736.4
+0.2 +0.4 0.2
0 o +0.2 +0.4 0.2  41472.7
+0.2 +0.3 0.1 - A
0 - 10,2 +0.4 0.2 82944 .8
+0.2 +0.4 0.2
0 C40.2 0.3 0.1 165889.9
: : +0.2 0.4 0.2 ‘

Based on the above results the average difference from start to

retum is 0.16 micron up to traverse length of 165889.9 microns

This is within the basic accuracy of the metric readout COunter (0.25

| microns)(7) insuring that no counts have been lost and that the stage

position is repeatable to within 0.25 micron.

i

III - T42-2
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TASK 43

COMPUTER PROGRAMMING

D

I. - Introd uc_:tion

At the time of the final contract negotiation a work statement
had been prepared defining the various tasks. Task 43 was defined

as follows:

Task 43 ~ Computer Programming and Services - The

, coinputer program will be developed to:
1., Control the settings of the conttoilable elements in

the optical trains,

2. Control the positions of the two axis stages.

Note that the computer program will thus provide “"error signals”

to continuously maintain an optical presentation of a stereo model for

-3

operator viewing.

The program will be designed around the available facts, i.e.,

types of photography to be handled (frame, pan and strip), stage speeds,

correlation limits, optical elements and control, etc., and will be
designed in conjunction with a computer program consultant and outside‘

computer services as required.

The first part of this woik statement was stated more explicitly

in the first progress report(l), which included as the opening paragraph

under Task 43:

"A small general-purpose digital computer will be used

III - T43-1
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to translate signals from the operator's controls into settings for

the stage positions and the various optical elements. The computer
will be programmed to determine corresponding points on the two
photographs and to compare the immediately surrounding regions for

(1) scale factor, (2) amount of tilt distortion, and (3) orientation. It
Will then generate incremental signals for the stage drives and for the
optical elements (zoom lenses, anamorphic lenses, and image rotators)
s0 as to bring the projected images into proper stereo corresponderice.
Thus, the apparent effect oi the operator's controls will be to shift the
viewpoin.t "énd the scale factor of the stex‘eo_rriodel without causing ghe

images to diverge. In mathematical terms, the two images will "'be

' continuously adjusted as to-exhibit what is often called zero Y-parallax.

The concept of zero Y~-parallax is well known in" photogrammetry and its

mathematical implications were described in Appendix 3 of the final

" report under Contract | | \ - STAT

Alternative approaches in comparing the two photogra phs for

scale factor and degree of anamorphic correction required were outline d

~ in the next two paragraphs of the same teport(z)

"Three methods are available for comparing small regions

of the two photographs to determine the relativescale factor and

amount of tilt distortion. One method uses TV scanners and an elaborate
(six~signal) correlator to produce analog measures of the lack of corres-
pondence. A second method requires successive settings of the two

measuring reticles on four adjacent, corresponding points in the two

III- T43-2
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D pictures; The digital Computer then computes ‘rel,ative scale factors

in two directions (i.e., four parameters) from the four sets of X~Y

coordinates. A two-signal correlator makes setting on corresponding

D

points & nearly automatic process. The third method involves direct
computation from the known geometry of the two bhotographs. ‘

The first two of these methods do not provide sufficient

information to establish a stereo model initially (since the direction

~of the flight base remains unknown). They can, ‘however, approximately

maintain a stereo model which has been initially established by manual

control of the optical elements, and continue to do so as the stereo

model is moved around in response to opezfator control signals. The

third method requires numerical values for the location and orienta-~
tion of the two camera stations (hence, the flight base) and,

theoretically, can be used to establish a stereo model without requir-

ing manual control of the optics."

II. Su mmaxfrx

In the process of obtaining a design for a correlation system

/I

(see Task 25) it ultimately developed that'a six~-signal correlator

7

rather than a two-signal version would be uséd The design developed

‘ showed a capability of correlatmg on many, but STAT

not all, photographm pairs or regions of a photographic pair. Under

conditions such that correlation failed, the failure was complete and

the Itek design could not provide two-signal correlatien where it

B | III - T43-3
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~ couldn't also provide six-signal correlation. For thisrea“son, the

second alternative mentioned above, i.e., comp\iting the relative
scale factors in two directions from the measured coordinates of four
nearby corresponding pomts was abandoned as of no value. The
first and third alternatives mentioned above have both been implemented
however, and the third may be used either with or without the assmtar;ce
of the first, _

Testing of the corﬁputer program(3)(4)(5)(6)d'emonstrated. that
a substantial part of the prdgram could operate in floafing point
arithmetic without exceedmg the available time to circulate through
the complete set of computations. This eliminated some problems in
scaling and accuracy which would have occurred if the whole program
had had to operate in fixe&l"poin'; arithmetic as was o:riginaljly expecte
The testing also verified that the real time program (in fixed point
arithmetic) could be written so as to run in a sufficiently short time
to permit circulating through it 120 times per s_econd. (This number

is a desirable sampling rate for smooth stage control.) An independent

estimate of running time was contained in a report submitted

@) .

Charting of the computer program was initiated

personnel(g)(m)(ll), but was completed by mea’né of a subcontract to

Informatics Inc.(lz), The final computerﬂflow charts are part of the

computer specifications written by‘ These can

pro_bébly be more easily followed, however, if studied in conjunction

III - T43-4
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with the simplified fléw charts which were furnished byz . STAT
j as the basis for the much more detailed charts they - STAT
o made. These simplified charts are included in Appendix T43-A of |
.=: this report.
ﬂj Similarly, the basic mathematics was outlined by STAT
: fumished who then incorporated it into the speci- "STAT
~=-I ~ fications wlﬁch they wrote for the computer program. IThis mathematical
F'] outline is included in Appendix T43-B of this report.*
N :
.m .
| -J . III. Conclusion
':'1 The subcontract to resulted in their writing . STAT
: ; a 193-page document entitled, "Computer Program Specifications and |
| -J Instructions” which is delivered separately from this Final Report, but
; :: as part of the same contract. This docum‘fé\ﬁt spells out a computer
- program to be Wfitten partly in Fortran and partly in DAP (DAP' is the
"*J name of the assembly languag'e for the Honeywell 516 computer.) .

3

"Programs" written in these two languages can be translated by the

oo ED

computer itself into actual machine code programs. This program
specification breaks the complete program into twenty-five subroutines
which are called as needed by one of two executive programs. Each
subroutine and each of the executive programs is separately described
. with individual flow charts for most of them. In additiéri, the speci-
E fication describes a number of tables for storage of data and various
= constants .
= *This outline, as well as the program flow charts, are included
' here since they have been revised to some extent since the last
- editions which were included in the monthly reports.
= | .
= : III - T43-5
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The final debugged program will probably be éapable of
residing in 12,288 words of computer memory. Debugging will be
considerably simplified, however, if t‘:;e computer has sufficient
memory to allow storing, not only the basic program which will
finally emerge, but also some debugging aids which are included
in the specification and the standard Honeywell software for compil~
ing and debugging programs. Hence, it is recommended that the

computer be purchased with 16,384 words of core storage.

Iv. Discussion

Many of the conventions and details of the program speci-
fication are explainéd in the first two sections of the specification
itself, As stated there, however, "Although the programs are defined
in detail, study of other related documents is required for a thorough
understanding of the system. The mathe:{atical methods are 'defined
in detail, but the development of t’he methods is not described. An
understanding of these methods wili probably be helpful in writing the
computer prografn. " The other related document; referred to are those

included in Appendices T43-A and T43-B of this report and the Final

Report of the feasibility study which

was written a little over two years ago. These documents are basically
an application of the principles of analytical photogrammetry -- extended

to panoramic and strip types of photogra phy(ls—) to the control problems -

III=T43-6
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- of the Stereocomparator.
j The documents mentioned above are largely self-explanatory.
= Some notes are in order, however, regarding the "Non-Real Time
=~ Computations" (Appendix T43-B). The following commenfs refer
Z specifically to the items in the latter document as referenced by
= number., |
= 1.1.8 The angle B is here treated as though general.
i It is actqally zero in all present known cases. |
m] 1.2.1 _ Thé stage coordinates, as referred to here, are
- specifically for the Honeywell computer (whose program is be ing
j specified). Corresponding coordinates can, af the operator's option,
=] be read to the card punch or directly to the external computer. The
. latter coordinates are 'BCD and can be arbitrarily labeled x or y with
'j either direction considered positive.
i 1.6 The system given here breaks down for 'la'titudes
- close to the north or south pole. A mean/s:?emains to be devised for
E| - dealing with this special case. ‘
F:l’ 1.6.2 and 1.6.4 The formulas given here are first order
- approximations of fhe formulas implied (though not all stateav'explicitjly)
E in the Iﬁénual of Photography. It appears that the accuracy of these
F’\ approximations shouv'ld be adequate for all presently known cases. If
- future systems have appreciably higher camera speeds and/ 6r/a1t1tudes
j then better approximations may be needed for thoseh systems.
= 1.6.5.1, 1.6.5.2, and 1.6.5.3 These "rotations" give the
; direction of the flight base with respect to the ground s'ystem, The
_ flight base is taken as the x axis direction of the “"Image Coordinate
=
= . , - III-T43-7
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System" describedin 2.2.1 of the program specifications.
1.,7.7, 1.7.8and 1.7.9 These three rotafion's provide

a correction for the convergence of the lines of equal longitude as

r o v 0

these approach the north (or south) pole.
1.7.11 on -~ See Appendix I of the Final Report on the
feasibility study for an explanation of the notation (Tensor) which

is used here.

[ I A |

1.8 through 1.10 These formulas are used to-compute a

ground plane when the REORIENT button is set.

o 1.11.1 through 1.11.4 Three different transformations

D

are given for 3 different types of photograph on the slave stage.

The explicit form of these is the same for the three different types

B

of photograph on the master stage, but different substitutions are
used for (x* -x(i } (see 1.12).

1.11.,§ Photograph coordinates are transformed to

n

stage coordinates.

/"\

! . 0‘ .
1.11.6 The matrix X<1 is theoretically the first order

derivatives of the transformation formulas given in 1.11.2 - 1,11.4,

3

The results of generally differentiating these formulas are very complex. =%+ -
Hence, the approximate method given here is used as a substitute for the
formally correct method. The tracking matrix is the equivalent of X_a

but ‘expr'essed in stage coordinates.

0 .0 1

1.12.1 -1.12.3 The résults stated here are given 1n‘the

auxiliary documents referred to above(l3) . Note that the suhscripts

I 31

'3‘.

.
. I - T43-8
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=

~ and superscripts used there (m,n.... and r,s....) correspond to

(e, B..... andO; T .....)as used here.

2.1 These are general formulas giving (x_j - jl 0) as
functions of (x° -x?) and of t They are the basis for the actual

computations outlined in 2.2.

2.2 These formulas can rather readily be turned into
corresponding Fortran expressions which are substituted as called

forin2.1.

2.3 These approximate derivatives are used as co-
efficients in the optical tracking portion of the real time program

(see 3.5.6 of the program specification). Their values are computed,

. as outlined here, in the non-real time program (see 3.7.1.5 of the “

program specification). The program makes two types of tfansforma-
tion in the process of computing and using these matrices: (1) convert
from photo coordinates to stage coordinates (3.7.1-2 - 7A) and

(2) convert from floating point numbers to fixed point numbers

~(3.7.1-2 - 9B). The program specification uses different symbols

for the results before and after each of these transformations - hence

it 18 somewhat confusing io follow.

2.4.1-2.4.6 The method for deriving these formulae was

given in the feasibility report but the symbolism was sllghtly different.

2.4.4and 2.4.6 Two angles differing by X mare specified

in each of these. The Stereocomparator optical servos select one or

III - 743-9
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the other of these angles so as to avoid the discontinuity which any -

one angle has in going from Y orto A

2.4.7 and 2.4.8 The formulas outlined here must be
spelled out explicitly in the program specification. Doing so involves
'straight.fomard applications of elementary calculus. These quantities

are shown in F 6 and G 1 of the "Notes for Computer Flow Charts”

(Appendix T43-A).

o 3 1D
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I April 1 through April 30, 1967. - .
Page Ti5-1 . -
Appendix T1S-E: Optlcal Specxflcatxons
IV May 1 through May 31, 1967, '
‘"Page T15-1
A ]‘une 1 through June 30, 1967.
Pages T15~1 to T15 3 ' -
Figure T15-~1 following page T15-2 -

Task 16 Viewing Optics

NI July l.through July 28, 1967.
Pages T16,17- lto Ti6,17-2
Appendix T16 -B Specxflcatlon 08-2~ 302—15
VIIIAugust 26 through September 29, 1967,
Page T16,17-1 ’
IX* Appendix T16,17-C Optical Vendor Progress Report #1 (English
Translatxon) S
IX* Appendix figure 1 following Report #1
'IX- Appendix T16,17-D Optical Vendor Progress Report #2
IX Optical drawmgs #4610, #4616 #4619, #4620 #4618 #4617 &

#4 611 followmg Report #2 : . _ \

S II-B-4
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X September 30 through October 27, 1967.
Page Tl6,17,18-1
~ Figure- T16 17 -1 following page T16,17,18- l
o - Figure T16,17,18-2 following Flgure 'I‘16 17-1
XIv October 28 through November 24, 1967.
Page Ti6, 17 18-1

Task 17 Viewing Illumination

VI July 1 through July 28, 19€7.
Pages T16,17~]1 to T16,17~2
VIII August 26 through September 29, 1967,
Page T16,17-1
IX* Appendix T16,17-C Optical Vendor Progress Report #1 (English
Translatlon)
IX' Appendix figure 1 following Report #1
IX' Appendix T16,17-D Optical Vendor Progress Report #2 -
IX  Optical drawings #4610, #4616, #4619, #4620 #4618, #4617 & .
#4611 followmg Report #2 ,
X September 30 through October 27, 1967.
: Page T16,17,18-1 =
Figure Tl6,17~-1 following page T16,17,18-1
' . Figure T16,17,18-2 following Figure T16,17-1
XI' October 28 through November 24, 1967
Page T16,17,18=~1

Task 18 Reticle Projector

X September 30 through October 27, 1967.
: Page T16,17,18-1 A
., Figure T16,17-1 following page T16,17,18-1 .
. Figure T16,17,18-2 following Figure T16,17-1
X1 October 28 through November 24, 1967,
a Page T16,17,18-'1

Task 20 Platen Illummatlon,
. I TJanuary 9 throtigh Pebruary 24, 1967.
* Pages T20=1 to T20-~3
Figures 3A & B following page T20~-1
Figure 4 on page T20-3
XI' October 28 through November 24, 1967
Page T20-1 '

.TeskZl Optical Bridg'e' ‘

-

e

. II-B-5
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February 24 through March 31, 1967,
Pages T21-1 to T21-3
Figure T21-1 following page T2l-1
Appendix T21-C Optical Bridge Orthogonal Forces and Calculatxons
Figures T21-C-=1 through T21-C-7 .
October 28 through November 24, 19 67
Page T21-1

Interferometer. Assembly
Ianuary ‘9 through February 24, 1967 .

Pages T22-1to T22-2 :
Appendix D Interferometer Assembly Detector

February 24 through March 31, 1967.

Appendix T22-D - Memo—— Laser Interferometer

- Appendix T22-E Functional Block Diagram (EE 4102) .
October 28 through November 24, 1967.

Pages T22-1 to T22-2

Optical Drive Assembly

April 1 through April 30, 1967,
Pages T23-1to T23-3
" Figure T23-1 following page T23~-1
May 1 through May .31, 1967.
Pages T23-1to T23-2
Figure T23-1 following page T23~1
July 1 through July 28, 1967.
" Pages T23-1 to T23-5
Drawing #E4580 following page T23-1 )
Appendix T23-C D/A Converter Description
July 29.through August 25, 1967. '
Appendix T23-D A/D-D/A Converter (Drawmg EE 4408)
September 30 through October 27, 1967,
' Pages T23-1 to T23-5 :
Figure T23-1 on page T23-2

October 28 through November 24, i9 67

.Pages T23 1to T23-4 -
Drawmg # EE 4163A following page T23- 4

Scanning Device .

VIII August 26 through September 29, 1967

Page T24-1

' IX" Appendix T24-F Scanning Device Vendor Report #1

D'('v"‘ Appendix T24~G Image Dissector Assembly Drawing (Itek)

. III_—B'-'G
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| Task 25

1v

vr

"Task 27
It

O Ir

X I .

,":\

¥ September 30 through October 27, 1967.

'.-X:‘

Iv:

I

Correlation Logic

X Appendlx T24-H Image Analysis Chassis Assembly Drawing (Itek)
September 30 through October 27, 1967,
: Page T24,25-1 .
October 28 through November 24, 1967.
Page T24,25-1 '
Figure T24 25-1 System Speczflcatlons Doc. No 126925
Figure T24,25-2 Test Procedures Doc. No. 128973 through
Doc. No. 128989
Flgure T24,25-3 Itek Final Report -

January 9 through February 24, 1967.

Pages T25~1 to T25-8
February 24 through March 31, 1967,

Appendix T25-F Specification for an Image ‘Analysis System -
May 1 through May 31, 1967.

Page T25~-1 -

Appendix T25-C Image Analysxs System Specification
July 1 through July 28, 1967.

Page T25-1 .

Figure T25-1 following page T25-1

Appendix T25-D Specification C=3-302-25

Page T24, 25-1 : .

.Metric Readout

January 9 through February 24, 1967.
-Pages T27-1to T27-2
Drawing # ED 4108 following page T27-2
- Figures 6,7 & 8 following drawing .

February 24 through March 31, 1967.

Appendix T27-G “Block Diagram Counter Drawing # ED 4143
Appendix T27-H Up-Down .l Micron Drawing # ED 4146
Appendix T27-I Up-Down 1/4 -Micron Drawing # ED 4147
"Appendix T27-] Conversion Gating Drawing # ED 4142
Appendix T27-K + Sign Logic Drawing # EC4141
. Appendix T27-L Card and Bin Lay-Out Drawing # EC 4140
Appendix T27-M Track Ball Counter Drawing # ED 4145

Appendix T27-N Parallel Entry Binary Count Down Drawing # ED 4144

Appendix T27-0 64 Lines Sequencer Drawing. # EC 4139

Vi Iune 1 through June 30, 1967,

Pages T27-1 to- 'I‘27 -2

VIIT August 26 through September 29, 19 67

Page T27 =1

.4

CII-B=7
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rI‘Aask 28 .

Ii 5

Qutput Logic, Interfaces and System

January 9 through February 24, 1967.

Pages T28-1 to T28-2

~ Figure 10 following page T28-2 -

Appendix C Patent Disclosure for A Metric Readout System

February 24 through March 31, 1967.
. Appendix T28-P Computer Interface Drawmg# ED 4153

May 1 through May 31, 1967,
. . Pages T28-1 to T28 2

‘Figure T28-1 following page T28-1 '

Figures T28-2, T28-3, & T28-4 followmg page T28-2,
July 1 through July 28 1967

Pages T28-1 to T28 12

Figure T28~1 following page T28-1

Figure T28-2 following page T28- 2

Figure T28-3 on page T28-4

Figure T28-4 on page T28-5

‘Figure T28-5 on page T28-6

Figure T28-6 on page T28~8 .

Figure T28~7 on page T28~9"

" Figure T28-8 following page T28=12

- VII ]‘uly 29 through August 25, 1967,

Appendix T28-E Loglc D1agram Computer Link Drawmg # EE 5832
Appendix T28-F Stage Position Counter Drawmg # EE §713

’ VIII August 26 through September 29, 1967.

- Pages T28-1 to T28-12. . - ,
Figure 1 following page T28-2 , :
Figures 2-1 & 2~2 following Figure 1 T
Figures 3 & T28~4 following page T28-3
Figure S following page T28-4 .

" Figures 6, T28-7 & T28-8 following page T28- S
Figure T28 9 following page T28-7 . o

*Figure T28-10 following page T28-8
Figure T28-11 following page T28-9
Figures T28-12 & T28-13 following page T28—10'
Appendix T28~] Punch Control Diagram
Appendix T28-K Logic Diagram Computer Lmk Drawmg # EE 5832

. S X“ September 30 through October 27, 1967,

XI

Pages T28-1 to T28-5
- Figure T28-3 following page T28-2
“Figure T28- 1followmg page T28-5
.Figures T28~2, T28-4, T28-5, & T28-6 following Plgure T28-1
‘October 28 through November 24, 19 67.
'~ Pages T28-1 to T28~7
Flgure T28 sketch SK-396 followmg page T28 7

e
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Task 33

- Task 34

* I
VI

XTIt

: Task 35
Task 36
XD

Task 41

XTi
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Task 30 Control Console

January 9 through February 24, 1967.
Pages T30-1 to T30-~2
July 1 through July 28, 1967,
Page T30-1
Figure T30~1 following page T30-1
Appendix T30-E Operators Controls (8K-375)

VII July 29 through Aug 25, 1967,

Appendix T30~-G Control Panel Lay-Out Drawing SK 375A

VIIIAugust 26 through September 29 1967,

. Page: T30-1
IX'' Appendix T30-M Control Panel Lay-—out Drawing D 4552
October 28 through November 24, 19 67
Pages T30-~1 to T30-2 .

Racks and Control Cabinets

VIII August 26 . through September 29, 1967.

Pages T33-1 to T33-2 '
D( Appendzx T33 N Electronic Equipment Cabmet #1 Drawing D5740 ‘

Utilities

April 1 through April 30,.1967.
Pages T34-1 to T34 2
Appendix T34~F Utilities Schematlc Drawing SK 353 -

July 1 through July 28, 1967. i .

*  Pages T34-1to T34-2
Figure T34-1 following page T34-1

October 28 through November 24, 1967.

Pages T34-1to T34-4

.

Vibration Absorption

October 28 through November 24, 1967
: Page T35-1 :

Overall Assembly _
October 28 through November 24, 19 67
, Pages T26-1 to T36~ 2 ;

Stereo Comparator Mock-Up”

©II-B-9)
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I January 9 through February 24, 1967..
' Pages T4l-1 to T41-3 |
N+ June 1 through June 30, 1967.
- Page: T41-1
Appendix T41-B Operator's Chair Spec1f1cat10n No. 302~41
VI Julyl through July 28, 1967. :
Page T41-1

T _ o _ ' "Appendix T41-F Human Factors Consultants Recommendations=-

Operator's Chair :
_ Appendix T41-G Spccifications, Operator s Chalir

Task 42 Breadboards and Test Services

IIT April 1 through April 30, 1967.
o Pages T42-1 to T42-2
Appendix T42-G Count-Down Reglster Drawmg # EE 4150
B May 1 through May 31, 1967.
L ~~Pages T42~ lto_T42 -2
Vy Iune 1 through June 30, 1967.
' Pages T42-1 to T42-5
Figure T42-~1 following page T42-2
Figures T42-2, T42-3, T42-4, T42-5 & T42 6follow1ng page T42-3
Figures T42-9, & T42-7 followmg page T42-4
Figure T42-10 followmg page T42-5
v Appendix T42-G Test Stage Drawing SK=-371
NI July 1l through July 28, 1967, . -
Pages T42-1to T42-9 R -
: : - Figure T42-] following page T42-1 :
- Xy September 30 through October 27, 1967,
Page T42-1 :
. Figure T42- lfollowmg page T42-1
XI: October 28 through November 24, 1967,
s « Pages T42-1 to T42-2 :
FiguPigure T42-1 following page T42-2

: Task 43 Computer Programming e

I TJanuary 9 through February 24, 1967.
' Pages T43-~1 to T43-5
II* February 24 through March 31, 1967,
' Appendix T43-Q Request Submittal

v May 1 through May 31, 1967, -
Pages T43-1 to T43 7
Figure T43-1 following page T43-2
Figures T43-2, T43-3 & T43-4 following page T43-5
Appendix T43~ D Fortran Statements for a Computer Program
Appendlx T43—E Defmltlon of Symobls for Fortran Statements

*II1-B-10.
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' V’II July 29 through August 25, 1967.
Appendix T43-~H Fortram Non-Real Time Program
S 'VIIIAugust 26 through September 29 1967.
: Pages T43-1 to T43~6 -
 IX"Y Appendix T43-O Computer Program Flow Dlagrams
_ IX-' Appendix T43-P Computer Program Tr1a1 Runs
X 1) September 30 through October 27, 1967.
- Pages T43~-1 to T43-39 .
Table 4-~1, 4-2 & 4-3 following page T43-29.
Table 4~4 6n''‘page T43-34
- Figure T43-1 following page T43-39 B
Figures T43-1,1, T43-1.2, T43-1.3, T43- 14 T43 1 S, T43 1 6& -
S T43-1.7 followmg Flgure T43-1" e , .
XI October 28 through November 24, 1967. R S
~ Page ‘I‘43 lto T43 3 . . T s

Y mI-B=11
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- PART IV
=
" PHASE II FABRICATION
i
- I. Introduction
_| The requirement for assembly of a breadboard for testing
pl critical components and for a full-size mockup of the Stereocomparator'
- during Phase I has provided experience which will be invaluable during
f =] .
- Phase II. It has proven the capability of[  |equipment and manufact-
[ .
m} - uring personnel to fabricate, assemble and test many of the critical
= components of the machine, |
M
b
_ II=!1 II. ‘ Summary
= It is the intent ofg to manufacture in house as many of the
[ =]
;J Stereocomparator sub-assemblies as is practical, considering the problems
= of the short schedule and economic feasibility. “
= At this time Ddoes not plan to fabricate in house the
. following components:
= 1) The Optical System
- ' .
2) The Optical Bridge
E 3)+ Granite and Ways
= 4) Image Analysis System
ib‘ .
5) Computer
=
- 6) Electronic and Utility Cabinets
= 7) Isolation System ,
-
- v-1
=l
e _
[} -

-
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=

=

...! It is planned to assemble the optics to the optical bridge at

F‘I the optical vendor's plant. Theiinitial checkout and testing of the

: optics will likewise be performgd at the optical vendor's plant.

...l The assembly and checkout of the Stereocomparator as a ,
‘='| whole system will be perfofmed at the Eplant. In addition, complete A STAT
: performance tests will be made at the plant for customer écc’;eptance. « .STAT
-_] After disassembly and reinstallation at the customer site, a

f’l further series of acceptance tests would be performed.

- _

=

.-l II1. Discussion

j Bxcepf for minor sequence revision; to accommodate time

- phasing and provide a more even shop load, the manufacturing'.sequence
_l will be:

p‘ 1) Assembly of the Main Frame and Isolation System, both

: of which will be outside purchase.

i-] 2) Install Base Granite which has been purchased, but v_vﬂl_

:::1 be drilled and plugged for bracketry insta llationz STAT
; 3) Line and level the Base Granite, install the saddle and

J stage assemblies and air bearings, assemble and install drives.

,F 4) The Optica?Bridge and bridge supports will then be installed
; and checked for alignment. (During the sequence listed, all components
- will be drilled and pinned to assure alignment when re-assembled.) After
m a complete alignment check, the‘Optical Bridge will be disassembled and,
- with the supports, shipped to the Optics subcontractor. ‘All internal

:

=

= -2

=]

= Declassified in Part - Sanitized Copy Approved for Release 2012/08/24 : CIA-RDP79B00873A001400010011-7
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£

“

- components of the Optical System will be installed and checked at the
j ‘Optics subcontractor's pia‘nt. |

|=| 5) With the Bridge removed, the check-out and tést for

- ~alignmeﬁt of stages, bearings, ahd stage drives will be conducted.
fj At this time, all power connections will be made to the electronics

m' racks which haQe been in production during mechanical assembly.

6) When the Optical Bridge and the installed components
are received from the Optical Subcontractor, the final assembly test

and checkout will be made.

1 1

Details of the fabrication and assembly schedule and sequence

I

are more complex than the steps outlined above. The basic plan,

'however, will not deviate from this outline.

O D

r 1

o

—1n

oI

[

«'__"-n

0

' Iv‘s

|' =
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= ULTRA HIGH PRECISION S‘TEREOCOMPARATOR'__
=
-
(=] STATEMENT OF WORK

|
= The statement of wo rk requires the fabrication, test and
- installation of an ultra~-high precision operating prototype Stereocomparator, °
(=]

| _
= GENERAL DESCRIPTION
=] o
- The Stereocomparator consists of a high performance stereo view-
s ing and stereomeasuring (X and Y axis) comparator.
- _

The instrument is adaptable to cut film and up to 500 foot rolls
m .
] of 70mm to 9-1/2" wide roll film.
‘=’| The optical system accommodates to large differences in scale
= between conjugate images.
o= ]
_I A continuously variable optical system with two magnification -
F‘?' ranges, 10X to 100X and 20X to 200X provides scanning and measuring '
over an area of 9-1/2" by 20",

o=}

1
| The optical system and stages are arranged for three modes of
q‘ positioning - manual, computer programmed and computer programmed

with automatic electronic stereo correlation.
(o]
- The motion of the photo carrying stages is under operator control
= through the use of individual stage trackballs and a joystick.
The Stereocomparator includes & light table feature whereby

o .
- | the entire film format may be viewed d}'.rectly by the operator.
o] ' B
=
- V-4
g v |
pra)
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'

o

DELIVERABLE ITEMS

1. One operating prototype High Precision Stereocomparator
per Drawing No. E4585, designed in conformity with the
parameters: "Specifications for the Ultra High Precision Stereocomparator

dated January 26, 1968."

2. Checkout of the sub-assemblies and final assembly and

the performance of operational tests.
3. Updated fabrication drawings to an "as built" condition.
4, The work scheduled is described by Drawing No. E6828,

5. Installation of the Stereocomparator at the customer's

ground floor site.
6. Training of operators in the use of the instrument,
7 . Operating ma_nual and procedures.
8. Recommended spare parts list.

9. Site preparation, with provision of utilities, services and

environmental conditioning, will be by the customer,

IV-5
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January 26, 1968

PERFORMANCE
SPECIFICATIONS
for the

ULTRA HIGH PRECISION STEREOCOMPARATOR

1. INSTRUMENT

A. ‘Mechanicavl
| 1. Overall dimensions and weight
~a. Length - 13 feet
b. Width. - 7-1/2 feet
¢c. Height - 7 feet

d. Weight ~ 28,000 lbs,

2. Vibration Absorption
a.' Specially designed coaxial pneumatic—hyc‘:lraulic
shock isolation |
b. Servo leveled

\ ‘ c. Resonant frequency - less than 2 CPS

3. Main Base

a, Monolythic granite

6

&
b. TFlat - within 50 x 10 inches

P
¢c. Thermal coefficient of expansion - 4 x 10 6 inches/deg. F

V-6 -
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Stages

a. Air bearing lift-off - 4 microns

b. Stiffness - 15 lbs./micron liftoff/sq.inch of pad area

(1)

(2)
(3)
(4)
(5)
(6)
(7)

(8)

‘c, Stage drive

Drive Speed

(a) maximum 3 inches/sec@nd

{b)  minimum - 10 microns/éecond ‘

Drive acceleration maximum - 10 inches/second’.2
Positioning - + 0.1582 microns, least count
Servo-controlled

Threadless leadscrew

.Prequer{cy response - S Hz,

Steady sfate tracking speed on two identical
photographs ~ 10mm/second at 10 mégnifica.tioﬁ
with the displacement error less than 1/2% .of
the field of view |

Correlation time - less than 1.5 seconds at the

maximum pull-in range of 5% of the field of view

d. Film Platen

(1)
(2)

(3)

Subplaten cooling - 3 SCFM air

Lévsi expansion glass - 23-1/2" long, 15" wide,
1-1/4" thick

Viewing area adjustable from 70mm to 9-1/2" wide

by 20" long

-
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(4) Above platen cooling - high velocity air
jet less than 160 SCFH
Obtibal Bridge
Three section, arranged with the moveable elements
in collimated light regions to minimize the effects
of thermal e_kpansion and vibration..
Film Drive
(1)  Drive speed - 2-1/2 to 250 FPM - 500" film
{‘ reel size. |
(.2) . Film thickness - ,002" - ,007"
(3) Servo controlled capstan dri{/e - emulsion wound
either in or out. |
(4) Joystick controlled
(5) Film tension held to + 10% of preset value.
Film Clamping
(1) Vacuum clamping at more than 23 Torr.
(2) Clamping time from 3 to 20 se_conds '

(_3) Adjustable for 70mm to 9-1/2" wide film

x 20" long

Optical Assembly

lc

Illumination System

a. Light Intensity Control =



! ®ma
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e
el (1) Counter - rotating dual filter disc assembly,
[ range 0 to 5 density
i3

(2) Photoelectric sensing to a preset servo-

i—3

controlled light level,

o

Film Density
To accommodate film up to 3.0 density
c. Color Filter

Remotely controlled, removable filter, yellow-green

3

546 millimicrons median transmission wavelength

I

o

Condenser

(1) Remotely controlled - focal length to conform

to switching of main objectives

S

(2) Matches the main zoom system setting over

its 1:10 variable magnification range

R

e. Air cooled infrared filter

I3

Light source

(1) Osram XBO 450 watts

(2) High pressure Xenon arc lamp

3

(3) ~~ ‘50000 K color temperature

in

o= 2 Objective System

i

b ., a. TFocusing of Objectives

=] ¢ . .

! (1) Two objectives, 40mm and 80mm focal length,
. installed in a remote controlled rotating turret
=

-

Vg
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-

=

P

= (2) Fine focusing over 1/16" range with maximum
ﬂl‘ .

- image wander of 1/2 micron

[+ ]

3. Beam Splitter and Corner Prisms

8 L

Anti—reflect_ion coated

B

4, Re{icle 'Projector

-

a. Bright round spot projected to eyepiece center

| b. Variable in brightness - 50:1 range

7 c. Variable in size from approximately diffraction
-] .
L_' limited to 4X diffraction limited

Filter holder for changing the spot color

[
.

e. -Zoomrange - V10 to \/TO1

—r
>

Anamorph range - 2:1 to 1:1

g. Reticle rotation range for anamorph matching

axis - infinitely variable

1 .
] h. Lamp - Osram XBO 75 watt
N

| o :
- 5. Main Anamorph System
-
-‘ a. Prism Type
- b. Range 1:1 to 1:2
An c. Anarﬂorph rotation range - infinitely'variable‘
e -~ L
-
e IV-10
- !
e
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Main‘Zoom System

1 ’

Zoom range - V10 to VIO

Main Image Rotator

Infinite rotation in either direction

Eyepieces

a. Adjustable interpupillary distance - 50 to 75mm

b. Magnification - 10X

c. Eye relief - 20mm

d. Angular field - 40°

e. Convergence adjustment - 6O horizoﬂtal

f. Vertical adjustment - 2° (squint angle)

g. Exit pupil - 1mm diameter. | |

h. Eyepiece brightness level control range - 10:1

i, Eye p.rotect‘ion shutter - 2 milliseconds operating
speed. Triggered automatically when the ac_tual
brightness at the eye exceeds the preset brightness
level by 50%.

je Manual switching between stereo, binocular left
stage and binocular riAght stage and reverse stereo.

Laser Inte;ferometer

a.

Twyman green interferometer

V-11
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] .

- b Measuring @100,000: 1 scale, one least count on

‘1-':" : film, or 0.10 micron equals 10mm or 0.39" on object
c. To the viewer @200X 0.10 micron equals .000787"

i
Q.

One least count is on the threshhold of visability

- e. Laser frequency servo stabilized + 1 MHz per day per
n degree C at constant barometric pressure at 6328 angstroms
- (Helium-Neon) ‘ |
- f. X and Y reflecting mirrors carried by the stage, flat
to approximately 1/4 wavelength, Sodium D light/2"
-
— of length
n,

T
-
- 10. Resolution EXPECTED
- a. White light from a Xenon arc ¢
- Linepairs/mm
- Objective focal length 40mm 80mm
- .
_ 10X Magnification SINY
- 20X Magnification 1 Xe) '
- 100X Magnification
- g 500
- 200X Magnification q00
= b. Yellow-~green filtered Xenon arc light ‘
‘ Objective focal length ' 40mm - 80mm : 1
- ] — |
- . 10X Magnification 60 |

|

-~ 20X Magnification 100 ‘j
- 100X Magnification
- _ $00
- 200X Magnification 1000
= See Pard w ®

' . A oLy (5 o™
— e x aqe S.

- Cb\'\*\\a\c‘leé p\eso\\,'\';m\_ /

Q}r-__. .
, IV-12

&
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¢. The resolution degradation between the center of

B

the field of view and at one third of the distance

toward the edge of the field of view, is less than 10%.

£

-

f: C. Electronic
: ; 1. Electronic Correlator

- a. Image dissector type scanning tﬁbe, computer
e ‘. integrated.

: b. Six-signal output

IF»? 2. Comphter

-

a. . Honeywell DPD 516

10

e b. 16-bit word length

c. Approximately 16,000 word memory core

i’

d. Memory cycle - 0.96 microse'conds

I~
o

Words transfer - 1.92 microseconds

Teletypewriter input and output

g

= 3. Metric Readout
P a. Metric readout of stage position converted
Y .
= from 1/4 wavelength of He~Ne laser light to 0.1 micron
- least count
_P b. Counting rate of meésuring system - 1 MHz
-
=
-
=y
_— , v-13
—
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Optical Drives

a. Optical elemént servo-controlled drive frequency

response - 3 Hz

b. Full travel of optical elements in 3 seconds

Control Console

a. Centralized operation by pushbutton selection
b. Stage motion X and Y controlled by joystick

and trackballs ’
C. Trackball sensitivity
(1) Low speed setting - 360° of trackball

rotation causes 20 microns of stage movement

(2) High speed setting - 360° of trackball

rotation causes 1280 microns of stage movement

d. Manual adjustment of optics by remote control

from the control console panel

Optical elements are provided with transducers which
read out the optical settings to indicators on the
panel of the control console

Stage iaosition X and Y readout on control panel in

tenths of microns

g. Operating modes for stereo viewing

(1) Manual settings
(2)  Computer control
(3)  Computer control with ‘electronic correlation
v-14 TN
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= 1. ANGILLARY EQUIPMENT

: A. Teletype - I.T.T., ASR 35 ¢ 4

o B. Cardgur}gﬁ - 1.B.M. 526

- C. Electronic Cabinets - 'I\No—bayb type with front and rear

: doors, 3 units

- D. Electronic and Pneumatic Utilities Control Cabinet - Two-bay
- type with front and rear doors, 1 unit

: E. Control Console - Centralized keyboard operated

-

.Operato:‘s Chair - Adjustable for height, angle and position

III. SUPPORT EQUIPMENT

A. - Air Compressor - 170 lbs., PSIG

I I e

B. Environmental Air Conditioning - Cléan room with sub-micron

r‘ particle filtration, temperature control - 72° F + 0.5° F.
- Humidity control - 55% RH + 5 to -15% RH.
n= Lo .
'_‘ C. Vacuum Pumps (2) - 24 CFM at 23 Hg vacuum
o Conditioned compressed air - Cooled and dehydrated for
- '
film cooling
. - N -
__‘ E. Equipment Cooling - Dry air supply, 50 SCFM at 100 PSIG
= F. Approximately 11 HP Motors
- :
: G. Stereocomparator and Control System Power Requirement - 20KW
n .
o
-
:,‘“
v
(p——>
T
3 -15

: ) ‘ i
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